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• Preface 
To eliminate confusion on nomenclature, the following definitions of 






A general designation referring to a catalog hardware 
component which may be specified for construction of 
a spacecraft. 
One individual specimen of a given part. 
A specified group of samples for a given part which 
has similar manufacturing histories, i. e., come from 
the same manufacturing batch. 
This report was written by Dr. D. T. Morgan, R. F. Suitor, and 
H. A. Bodman. Dr. H. D. King, P. A. Resnick, Dr. R. B. Hanselman, 
Dr. E . A. Botan and R . L. Blecher made major contributions to the study. 
Discussions with Mr . Alexander Irons of the Jet Propulsion Laboratory were 
extremely useful in outlining the overall obj ectives of the study, in improving 
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Twenty-two selected spacecraft parts and materials were assayed for the 
number of bacteria and fungi on their surface. Data were obtained' either for 
100 samples of a given part generally divided into 5 separate manufacturing lots 
or for 25 samples of one lot; frequency distribution of the microbial burden on 
the parts sampled was obtained. Where different lots were assayed, the data 
provided an indication of the variation among lots . The samples of each part were 
assayed as delivered unopened to the Biology laboratory at Avco/SSD. After 
opening the shipping container, the samples were removed and handled aseptically. 
For the assay of each part, the samples were rinsed in peptone water by 
mechanical shaking or ultrasonication. Aliquots of the rinse solution were then 
plated on trypticase soy agar and incubated aerobically and anaerobically at 32 
degrees C. The remaining liquid was heat- shocked in an 80 degree C water bath, 
aliquots removed upon cQoling, plated and incubated aerobically and anaerobically 
at 32 degrees C. Colony counts of the aerobic plates were made after 24, 48 and 
72 hours; anaerobic readings were taken at 72 hours. Data for vegetative bacterial 
and fungi and bacterial and fungal spores were recorded for each aliquot plate and 
for the sample part plate. Bactericidal and bacteriostatic assays were carried 
out on certain aliquot plates and plated samples that exhibited zero counts (No 
growth). Technique control bottles (negative controls) were run with each daily 
assay to monitor experimental procedures for laboratory contamination • 
A c omputer program in Fortran IV was written to compute th e averages, 
standard deviations and values included in frequency distributions . In analyzing 
the r esults, it was found that the data for a particular lot or sample generally 
agreed with a logarithmic normal distribution;; that is, a plot on normal probability 
paper of the cumulative percent of samples having a microbial burden less than x 
versus ·In (x + 4. 33) was linear. In Figur e 1. 1 a typical logarithmic I}ormal plot 
is given for two separate groups of samples for part No. 14. Plots such as this 
were made for all of the parts assayed and extrapolated to the 99 percent cumulative 
frequency point. In Table 1. 1 and 1.2, a comparison is given for all the parts 
assayed on which reliable results were obtained of the 99 percent cumulative 
frequency burden. Wher e it was found that similar lots had similar distributions, 
lots were combined into one group of samples . 
The res ults indicate low biological bur.den on most of the parts ; in general, 
electronic components had a lower burden than the polymeric materials. The 
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T a ble 1. 1 
S ummary of Total Aerobic Microbial Bur d en Wh ich 1 P ercent of Samples for 
a Given Part and Lot Will E xceed - - El e c tronic P a r ts 
Part P art Lot N umber N o . of Samples 
Type No . in G rouping in G rou p 
. . . . . - . . . . .. . . . . - ... 
Capacitors 1 2, 4 , 5 54 
1 16 
3 17 
2 1, 5 28 
2 19 
3, 4 34 
Resistors 14 1, 5 44 
2, 4 41 
15 2, 3 , 5 60 
1 19 
4 20 
16 1, 4 -39 
2 22 
5 10 
Transistors 2 0 2, 3 40 
1, 4 39 
20 
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N o. of Aerobic 
O rganisms Which 
























Table 1. 1 • 
Continued ~ , 1 I 
} ~ 
Part Part Lot Number No. of Samples No. of Aerobic 
Type No. in Grouping in Group Organisms Which 
1% Will Exceed 
21 1 19 89 
2 16 26 
3, 4, 5 56 102 
22 1, 2, 3 60 22 
' 4 20 58 
5 17 35 
100 
Diodes 6 1 (with mica) 18 145 -L 
2 (with mica) 29 270 
3 (withollt mica) 34 45 
Ther mi star s 18 1, 2, 4 59 20 
3 17 29 
5 20 25 
Transformers 19 1, 2, 3, 4, 5 22 14 
Fuses 7 1 20 16 
2 20 26 
3 20 54 
4 19 39 
5 20 31 
Inductors 12 1 22 12 
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Table 1. 2 
Summary of Total Aerobic Microbial Burden Which 1 Percent of Samples 








No. of Aerobic 
Part Lot No. No. of Samples Or ganis ms Which 
No. in Group in Group 1% of Samples 
Will Exceed 
24 1 16 66 
28 1 21 28 
30 1 22 66 
31 1 12 50 
8 5 18 34 
26 1 80 16 
(1) Parts No. 27, a silicone, and No. 10, a potting boot, were 
heavily contaminated. Failur e of the sonication to wash 
the microorganisms from the samples of these parts pre-
vented quantitative assay. 
(2) This material exhibited bactericidal action. 
-5-
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The most frequent microorganisms cultured during the study were aerobic 
vegetative cells. Also found on the pieceparts and polymeric materials were 
aerobic spores, anaerobic vegetative cells and spores and fungi. Bacteriostasis 
was exhibited by only one of the parts assayed, part No. 26, bilaminate copper 
sheeting. Only one species of organism, Bacillus subtilis var. niger was utilized 
for the bacteriostatic screening procedure. 
Usually, when low biological burden was found on a part, the burden was 
low for all categories of microorganisms (aerobic vegetative cells and spores, 
anaerobic vegetative cells and spores and fungi) found on the part. 
An interesting numerical relationship, a ratio of 50: 1, between aerobic 
vegetative cells and aerobic spores was observed. It has not been ascertained 
whether this ratio is a "reallife"occurence or just an observed statistical 
phenomenon of this study. 
Recommendations are presented for procedural improvements and an 














2 . Introduction 
2 . 1 Backgro und 
In order to meet the NASA requirements for planetary spacecraft 
quarantine , a knowledge of the probable types and numbers of v iable 
organisms present is neces sary; the time and temperature of the dry heat 
sterilizat ion employed is directly dependent on the above data. The deter-
mination of temperature and the time-at-temperature for the terminal heat 
sterilization ideally requires two quantities. 
(l) The total number of microorganisms of a given species on the entire 
assembled capsule for all microbial species . 
(2) The terminal kill-off rate for each microbial species at the tempera-
ture of the terminal heat sterilization. 
In practi ce , it is impossible, from either a practioal or economic viewpoint, 
to provide the above information in this detail for all parts of the capsule. It 
then becomes necessary to arrive at the best possible estimates for these 
quantities with primary emphasis on those microbial species most resistant 
to heat sterilization , the spore-forming microorganisms, and on those parts 
most heav ily contaminated; a safety-factor in the terminal sterilization re-
quirements is then incorporated to, hopefully, cover the uncertainties in the 
number and kill-off rate estimates. 
In the assembly of a capsule to be sterilized, it is extremely i mportant, 
in addition to knowing the number and kill-off rates of the microorganisms, 
to have the final, assemblied capsule as microbially clean as possible in order 
to minimize the terminal sterilization heating requirements. This importance 
is reflected primarily in the cost increase to provide a reliable capsule as 
the temperature and time-at-temperature of the terminal sterilization step 
increases. All the components of the capsule must withstand the terminal 
sterilization heating with an extremely low probability of introducing degrada-
tion leading to failure of the component. It is thus highly desirable, where 
several choices of a given part are pOSSible, to select that one which has the 
smallest microbial burden, all other factors being equal, or to incorporate 
relative minor special handling of parts ordered for assembly of a capsule 
to be sterilized thereby reducing the biological burden on the part. 
In Figure 2. l, a simplified block diagram is given of one path which 
might be used for the assembly of a sterile spacecraft . 
-7-
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Possible Procedure for Sterile Capsule Assembly 
Select, where possible, parts which 
have low microbial burden and are' 
suitable in an engineering sense. 
Spot assay plus non-destructive L test evaluation of burden on 
J; selected part samples 
Estimate microbial burden and type 
on vario uS parts , 
l 
I 
Decide on parts requiring preliminary JI 
Microbial decontamination or sterilization. 
J r eplacement of substitute parts considered to be contaminated. 
I 
" 
Assemble and test capsule under 
clean environment. 
Spot assay and non-destructive 
L test evaluation of burden. 
Estimate microbial burden and type I J.- on entire capsule. 
Math program to establish COn- I 1 dition for kill- off . 
I Determine temperature and time 
at temp e rature to meet sterility 
spec ification. 
1 
Terminally sterilize capsule. 





2. 2 Obj ectives and Accomplishments of This Study 
(1) 
The overall obj ectives of this study are: 
To provide the data required as input into a math model to be used for 
establishing the heat sterilization requirements for a caps ule. Thes e 
data include the biological burden, identification of the burden, and 
heat resistance or "kill- off" rate of the burden on selected parts which 
are used in the manufacture of a capsule. 
(2) To i dentify the manufacturing operations which result in both clean 
and biologically contaminated parts and to make recommendations for 
qualification specification guidelines for manufacturers describing 
procedures to be used in the manufacture of parts for assembly of a 
sterile capsule. 
In Part I of this study, the results of which are presented in this re-
port , the microbial burdens (aerobic and anaerobic vegetative bacteria, fungi , 
and spores) on 22 selected parts as received directly from the manufacturer 
were experimentally determined. The parts assayed were primarily electronic 
parts and polymeric mat~rials used in assembly of electronic components. For 
each par t , either 100 samples generally divided into five manufacturing lots 
or 25 samples of one lot were assayed, depending on the particular part . The 
data obtained prov ided the statistical distribution of the biological burden on 
a particular part; and , where separate manufacturing lots were assayed, on 
the variation of the microbial burden among the separate lots. The results 
obtained are summarized in Section IV and discussed in Section V; the experi-
mental procedures used in obtaining the data are described in Section III ; the 
methods used in statistical analysis and reporting of the data are also described 
in Section III and Section V where a typical computer printout for an individual 
part is pr es ented. 
In the future parts of this study, it is suggested that the assay of the 
microbial burden on selected parts not covered in this report should be con-
tinued. Emphasis should be placed on coordinating the manufacturing pro-
cedures with the "clean" and "dirty" parts to establish those operations and 
procedures responsible for either "clean" or "dirty" parts. In addition, 
emphasis should be placed on determination not only of the burden on the 
parts, but also on identification of the different species and on measurement 
of their "kill-off" rates, 
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3. Parts Assayed and Assay Procedures 
3. 1 Spacecraft Parts Assayed 
In Table 3.1, a summary of the parts and materials assayed in this 
study is presented; included also are the number of samples assayed for 
each part, the number of separate lots into which the samples were divided, 
and the date at which each was assayed. The first nine parts assayed in this 
part of the study were assayed after "handling" of the samples by four 
separate people in the biology laboratory. Since these results were of limited 
use in accomplishing the study obj ectives, the remaining 22 parts were as sayed 
dir ectly as received from the manufacturer without handling, that is , assayed 
so as to provide a true measure of the biological burden on the delivered 
samples of a part as received from the manufacturer without other sources 
of contamination. In Table 3. 1, an indication ~s given of whether the assay 
was made on "handledll or 'mot handled ll samples of a part. In this report, 
detailed analysis is presented for all "not handled" parts and part No. 21 
which was relatively clean even though handled. "Handled" data is presented 
in Section IV ,Table 4.1 of this report and is not discussed elsewhere. (In 
Figure 3. 1, a photograpli is given of some representative parts; the number 
is the part number. ) 
The parts and materials assayed were Pllr chased in different manufactur-
ing lots of 25 samples each, where feasible, so that variations of biological 
burden caused by variation in processing or manufacturing of the part or 
material would be observed. The vendors were instructed to select the samples 
for each part, where feasible, from separate lots and package them appropri-
ately so that each lot was identifiable. However, for certain parts, samples 
were obtained from one lot only and are indicated in Table 3.1. All packages 
containing samples of a part were received in an unopened condition in the 
Biology laboratory as shipped by the manufacturer. 
Two of the pieceparts originally agreed upon, No. 29 (Pyre-MLRK 692 
Varnish) and No. 25 (Epon 828 Epoxy Resin), required curing at high tempera-
tures. This automatically guaranteed sterility of the parts. Since it obviously 
was not worthwhile to assay these two parts of 25 samples each, 50 samples 
of part No. 10 (potting boot), which was originally assayed "handled", were 
re-assayed "not-handled" as a substitute~ Part No . . 5 (power diode) as originally 
specified is no longer manufactured. One hundred samples of part No. 16 
(resistor) which was assayed early in the program after handling, were reassayed 
"not handled" as a substitute of part No.5. The final assay procedure as outlined 
















TABLE 3.1 SUMMARY OF PARTS AND MATERIALS 
(Assay dates refer to beginning of week in which assay was carried out. ) 





Goodall No. 6l7G 
TRW, Inc., Ogallala, 
Nebraska 
Tantalum capacitors Sprague . Electronic 





Diode--Glass Case, TRW Electronics 




No. lN261 5 
Power D iodes 
1/4 inch stud 
No. INl186 
Motorola Co. 
(part no longer 
manufac tur ed) 
Westinghouse 
Electric Mfg. Co. , 









5 separate lots 
5 separate lots 
5 separate lots 
5 separate lots 
all 1 lot number; 
packed in b oxes 
















very high counts 
due to handling 
Assayed 8/28/66; 
very high counts 
due to handling 
Part no longer 
manufactur ed; 
therefore not 
as sa yed; s ubsti tuted 
a rerun of part 
No. 16 














No . GFA-Tron 
Lacing Cor d , 
"Stur- D- Lac e" 
style IS , No . 96 
dacron 





thr eaded, molded 
nylon No. TPB-S 
TABLE 3.1 SUMMARY OF PARTS AND MATERIALS 
(CONTINUED) 
Manufacturer 
B usman Mfg. D iv .. 
M cGraw Edison C o . 





Gudebrod Bros. ,Inc. 
Philadelphia , Pa. 
25 











1 lot on! y; all 
packed together 
5 separate lots 
"Handled" 
Data 
no lot distinction X 
made by manu-
factur er ; parts w er e 
packag ed in 5 groups 
and were assayed thus 
no lot distinctions, X 
although packed and 
as sayed in 5 groups 
all parts packed 










Assayed 1/8/ 67 
Assayed S/14/66; 
very high counts 
due to handling 
Assayed S/l /66 ; 
very high counts 
due to handling 
assayed 4/3/67 
"not handled; " 
these 50 parts 
used as substitutes 









Chokes, RF molded; 
iron and phenolic 
core only, No. 1537 
series 
Inductors--LF 
No . Dot 10 
Relays, crystal 
can, series 32 
Resistors , glass 
carbon film, 








E. Aurora, N. Y. 
United Trans-
former Corp. 








Corp. , Milwaukee, 
Wisconsin 
Number of 
Samples Number of "Handled" 






5 separate lots 
all boxed individually 
1 lot 
1 lot; packed in 
box 
* 6 separate lots 
1. 1.47K 





5 ser.rate lots * 
1. - 10 % No. 1050 
2. :f- 5 % No. 1035 
3. :!" 20 % No. 1225 
4. :TI00/0No.1211 









* numbers refer to manufacturer's lot designation 
Notes 
Assayed 9/25/66; 
very high counts 
due to handling 
Assayed 2/5/67 
Assayed 12/25/66 
100 parts assayed 










\.11 17 Switches, preclslon 
snap action, No. 
IHMI but with 
s ilic one potting 
terminals 
18 Thermistors 
welded case, No. 
TC 1/4 
19 Transformers 
any SP series 
20 Transistors, small 
signal NPN, sili-
cone, No. 2N930 
TABLE 3.1 SUMMARY OF PARTS AND MATERIALS 
(CONTINUED) 
Number of "Not 
Samples Number of "Handled" Handled" 
Manufacturer Assayed Separate Lots Data Data 
International 200 no lot data for X 
Resistance Co. this first group 
Burlington, Iowa assayed 
4 separate lots X ' 
Honeywell Micro- 25 5 separate lots X 
switch Division, 
Boston, Mass. 
Texas Instruments 100 5 separate lots X 
Laboratory, Dallas 
Texas 
Triad D istributor 25 5 separate lots of X 
Div. , Huntington, 5 samples each; 
Indiana treated as 1 lot in 
analysis 
Texas Instruments 100 5 separate lots X 




very high counts 




wi thout handling 
Assayed 9/4/66 
very high counts 




















Transistors , med. 
power silicone , 
No. 2N1893 
TABLE 3.1 SUMMARY OF PARTS AND MATERIALS 
(CONTINUED) 
Manufacturer 
Texas Instruments , 
Inc., Dallas , Texas 
Number of 
Samples Number of 
Assayed Separate Lots 







Transistors , NPN Sperry Rand Corp . 100 5 separate lots x 
Silicone, No. 2N2604 Norwalk, Conn. 
Resistors, trim-
ming, carbon 
compo No. 305 1P 
Silicone , AMS 
3303 / .60, 16" x 
18" x 1/16" 
Epoxy Resin , Epon 
No . 828/2 Shell 







Co. , Alahambra, 
California 
Shell Chemical Co. 
Repackaged by 
N ortheast Chemical 
Co., Boston, Mass. 





5 separate lots of 
5 each 
all in 1 l o t in 
long roll 
samples cut from 
1 sheet 13" x 18" x 
1/1 6" thick; assayed 
x 
as 1 lot; SKH-5000-6238 








very high counts 
due to handling 
Assayed 2/19/67 
Not assayed due to 
sterilization of 
part by high temp-
eratures. Reassay 
















Elastomer , LS 
53/70 1/16" thick, 
I" squares 
Silicone , PR 1930-
1/2 , 5 kits 
Varnish, Pyre-
MLRK 696 5 




Tubing , Silastic 
1410 , 1/4" 









Chemical Co. , 
Burbank , California 
E. 1. DuPont, 
De Nemours and 







Samples Number of 









1 lot from can 
1 lot; received 













Not assayed due to 
sterilization of part 
by high curing temp-
eratures. Re-
assayed 25 parts of 

































Silicone (Hadbar Rubber Co. ) 
Silicone (Hardened on Paper Strip) 
R TV 11 Silicone 
Silicone Rubber Tubing 




Figure 3.1b MICROBIOLOGICAL INVESTIGATION OF SELECTED SPACECRAFT HARDWARE 
AND MATER IALS 
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3.2 Experimental Assay Procedures 
During the course of this study several changes in the experimental 
procedures were suggested and incorporated. In the following discussion, 
the procedures used in three separate periods are summarized, the periods 
being, 17 July 1966 through 2 October 1966; 2 October 1966 through 28 
December 1966; and 28 December 1966 through 28 April 1967. In Table 3. 1, 
the assay date for each part is given so the particular procedure used for 
that part can be determined. 
3.2.1 Assay Procedures for "Handled" Parts; 17 July 1966 
through 2 October 1966 
3.2.1.1 Handling and Quarantine of Parts and Materials 
As parts were received, they were pass ed from hand to hand 
by four technicians and then were stored seven (7) days in a closed con-
tainer with no air flow. The containers were not sterilized and were 
of the usual grade of cleanliness used for routine laboratory procedures. 
After the quarantine procedure, all the components and materials to be 
assayed microbiolo.gically were handled with sterile for cep s and aseptic 
techniq ues. 
3.2.1.2 Microbiological Assay Technique 
A part or material sample was added to sixty-five (65) milli-
liters of sterile one (1) percent peptone water (Di fco, Bacto peptone). 
As eptic techniques were followed. The bottle was shaken mechanically 
on a Kahn shaker for five (5) minutes at 270 ± 5 oscillations per minute. 
After shaking, the contents of the bottle were examined as 
follows: the sample was aseptically removed and plated directly on the 
surface of a thin layer (approximately 2 mm thick) of trypticase soy agar 
contained in a 100 mm by 15 mm sterile plastic Petri dish. At the time 
of assay approximately 15 m1 of the same plating medium was poured 
into the dish over the piecepart. The plate was then incubated aerobically 
at 32 degrees C for 72 hours. Colony counts were made at 24, 48, and 
72 hours. 
Five (5) milliliter aliquots from the bottle were then placed 
into each of six (6) 100 mm diamete r sterile plastic Petri dishes (Falcon). 
Approximately 20 milliliters of sterile trypticase soy agar (BBL) at 48 
-20-
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to 50 degrees centigrade were added to each plate and the contents were 
mixed. The remainder of each sample was used for spore assays. The 
bottle with the remaining solution was placed in a water bath for heat 
shocking at 80 degrees C for 15 minutes. Time was allowed for the 
sample to reach the 80-degree level (approximately 5-8 minutes). After 
the wash solution was heat- shocked, it was plated as described above 
for the non-heat-shocked solution (6 separate aliquots). 
Half of the unheated aliquots and half of the heat-shocked 
aliquots were incubated at 32 degrees C aerobically, for 72 hours. 
Colony counts were made after 24, 48 and 72 hours of incubation. 
The remaining aliquots in each series (heat-shocked and non-heat-
shocked) were incubated anaerobically at 32 degrees C for 72 hours. 
Anaerobic colony counts were performed after 72 hours of incubation. 
Anaerobic conditions were established in large jars (Anaero-
Jars, Case Laboratories, Chicago) (See Figure 3.2). The jars were 
evacuated and filled with nitrogen gas six consecutive times to remove 
oxygen from the jars and then filled with hydrogen gas. A catalyst 
was then used with the gaseous hydrogen to femove any residual oxygen 
remaining in the jar or any slight in-leakage of oxygen. A desiccant , 
calcium chloride, was placed in the bottom of each Anaero-Jar. 
Alcaligenes fecalis was used as an a .erobic microbiological indicator. 
An oxygen indicator prepared as follows was also included in each jar: 
two mls of 6 percent glucose, 2 mls of a 0.15 percent solution of 
methylene blue and 2 mls of O. 1 N NaOH were heated together in a test 
tube and placed in the anaerobe jars in a reduced state, colorless. Any 
subsequent oxidation in the evacuated jar caused the appearance of a 
blue color indicating non-anaerobic conditions and the data were rejected. 
Controls to indicate accidental contamination during the assay 
were utilized throughout the duration of the experimental study. On each 
day of assay, two (2) bottles of sterile peptone water were diluted and 
plated in identical fashion as the wash solution; checks were thus made 
on the sterility of the media, the Petri dishes, sterile forceps, experi-
mental procedures, and other factors which might have resulted in 
contamination. 
Several minor improvements on the above procedure were 
implemented on 11 September 1966. The temperature of the agar was 
more carefully monitored and used if it was between 47-52 degrees 
centigrade. The amount of agar added to each plate was standardized 
and mixing of the agar and the 5 ml aliquots in the Petri dishes was 
improved to eliminate wet, streaky plates. Bench control plates were 
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3.2.2 Assay Procedures from 2 October 1966 through 28 December 1966 
3.2.2. 1 Handling and Quarantine of Parts and Materials 
The hand to hand transfer of parts and materials by technicians 
was eliminated from the experimental procedure beginning with the assay 
of part No. 15, assayed the week of 2 October 1966. The new method 
involved the sterile transfer of the part directly from the vendor's 
packing material to bottles of sterile one (l) percent peptone water. 
Aseptic techniques were followed. 
3.2.2.2 Microbiological Assay Technique 
All the other assay procedures were continued as outlined 
in Section 3.2. 1 of this report. Heat shocking was continued in plastic 
bottles for 15 minutes at 80 degrees 'until 23 January 1967 when the time 
of heat shocking was increased from 15 to 20 minutes. 
3.2.3 Assay Procedures Initiated 28 December 1966 
On 28 December 1966 several major procedural changes 
were made in the assay as outlined below. A block outline of the final 
assay procedure is given in Figure 3.3 
3 . . 2.3. 1 Use of Ultrasonic Washing of Samples 
In the work prior to 28 December 1966, the bottle containing 
the sample in 1 percent peptone water was shaken mechanically as 
described in Section 3.2. 1. 2. After this date, a Branson ultrasonic 
cleaner (Model A-300, 25 kc) (See Figure 3.2) was incorporated into 
the procedure and used for all washing of samples. The part or material 
samples were added to glass Bussey bottles each containing sixty-five 
(65) milliliters of sterile one (1) percent peptone water. The bottles were 
placed in the Branson ultrasonic cleaner for twelve (12) minutes to wash 
off any biological burden into the peptone water. Dur ing the washing, 
the bottles were placed on a metal rack one and one-half inches off the 
floor of the bath. The sonicator bath contained O. 3 percent Tween 80 
solution and the level was one (1) inch above the liquid in the bottles. 
The Tween solution was IIde-gassedll for five (5) minutes before sonica-
tion of the parts and a ceramic disc coated with graphite was placed in 
the bath to test the cleaning action before each run. 
3. 2. 3. 2 Use of Different Volume Aliquots for Plating 









Incubate 4 plates 
aerob ically and 
count at 24, 48, 
72 hours . 
V 
Block D iagram of Final A ssay P roced ure 
Wash sample in 65 ml 
1 "/0 pep tone wat er. 
J:, 
R emove sampl e from ~ Incubate P lated Sample-- I 
wash solution J rinse Count at 24, 48, 72 hours 
sample, and pla t e. 
h 'pm 8'~"'" 4 of ~ 
5 ml each and 4 with ~ 
O. 5 ml each from the 
wash solution . Heat shock remaining 
solution at 80 d egrees C 
Incubate 4 p lates for 20 minutes. Prepare 
anaerobically and 8 plates, 4 of 5 ml each 
count at 72 .hours . 
and 4 with 0 . 5 ml each of 
the heat- shocked- wash 
solution . 
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Incubate 4 p l ates Incubate 4 plates 
aerobically and anaero bically and 
count at 24, 48 count at 72 hours. 
72 hours . 
~ .v 
.h 
Record for each plate counted 
vegetative bacteria and fungi 
and fungal and bacterial spores 
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and uncountable. This factor coupled with the excellent reproducibility 
of the three duplicate plates used for both the aerobic and the anaerobic 
conditions prior to 28 Decembe-r ,19p6 suggested reducing the duplicate plates to two for each condition. Aliq~ots of two different sizes were 
then used, 5 ml each to provide data if the sample was lightly contami-
nated and 0.5 ml each to provide data for a heavily contaminated sample. This procedure increased the\ number of plates per sample from 13 to 17; 4 plates for aerobic non-heat-shocked, 4 plates for anaerobic non-heat-
shocked, 4 plates for aerobic heat-shocked, 4 plates for anaerobic heat-
shocked, and one plate for the sample itself. The plating and incubating procedures for each aliquot and for each sample were identical to those 
outlined in Section 3. 2. 1.2. 
3.2. 3.3 Revision of Heat-Shock Procedure for Spore Assay 
Prior to 28 December 1966, the wash solution for spore assay 
was heat shocked at 80 degrees C for 20 minutes in the bottle used for 
the washing operation-. Comparative heat-up times indicated that I-inch diameter by 8-inch test tubes provided a significantly faster heat-up-time to 80 degrees C than either the plastic or glass wash bottles. Accordingly , the heat- shock procedure was changed on 28 December 1966 and the wash 
solutions were aseptically transferred with sterile pipettes to 1 inch by 8 inch test tubes for heat- shock treatment. 
3.2. 3.4 Bactericidal and Bacteriostatic Test Procedures 
a) Piecepart-Overlay Assay 
For every group of 25 parts assayed, 3 parts, selected 
at random, were not assayed in the usual fashion but were 
used to determine if bactericidal or bacteriostatic action was 
exhibited by the part or material. Each of the 3 parts, follow-ing ultrasonication and rinsing was placed on a thin layer of 
agar in a sterile 100 mm x 15 mm Petri dish: 15 ml of trypti-
case soy agar ("- 50 degrees C) containing approximately 1 x 102 
viable Bacillus s ubtilis var. niger spores (Bacillus globigii) 
were poured over the part and allowed to harden. The plates 
were incubated aerobically at 32 degrees C for forty-eight (48) 
hours. At tha t time colony counts and visual observations 
were made and compared to three control plates containing 
only the agar and the spores. A significant reduction in the 
number and types of colonies on the test plates when compared 
to the controls indicated some form of bactericidal or bacterio-
static activity inherent with the part. 
-Z5-
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b) Millipore Filter-Negative Plate Assay 
A spot-check for bactericidal or bacteriostatic action of 
substances which may have been present on the part and re-
moved into the wash solution wa s made o n a t otal of 10 negativ e 
plates (zero count) containing the wash solution for each 25 
samples assayed. These plates showed no growth during the 
72 hours of incubation and were selected from both heat shocked, 
non-heat-shocked, aerobic and anaerobic samples. The assay 
was conducted as follows: a known number of Bacillus subtilis 
var . niger spores (~. globigii) (approximately 1 x 102 ) were 
collected on sterile Millipore filters; these filters were 
aseptically placed spore-side-up on the selected negative 
plates and were aerobically inc ubated 48 hours at 32 degrees C. 
Following incubation, colony counts and visual observations 
were made and compared to five (5) control plates containing 
the Millipor e filter with spor es and sterile trypticas e soy agar. 
As in the piecepart overlay assay, a decrease in the number or 
alterna tion of the colonies on the test plates indicated Some form 
of bactericidal or bacteriostatic action. 
3 . 2.3.5 Anaerobi c Indicator 
To provide a positiv e i ndication of anaer obic co nditions in 
the anaerobe jars, an anaerobic indicator , Cl ostr i d ium s porogenes, 
was used in each anaerobe jar. (For other indicators, see Section 3.2.1. 2) 
3.2.3.6 Contamination Control Change 
Two (2) sterile stainless steel strips 1 x 3 inches were pro-
cessed as contamination monitors for each group of twenty (20) or 
twenty-five (25) samples along with the samples being assayed . . Prior 
to this time, sterile peptone water only had been used as this control. 
3.3 Methods of Data AnalySiS 
The data obtained from the assays were reduced, through the use of a 
computer program developed for this purpose, to establish the significant 
statistical parameters. This section of the report presents a description of 
the data format, the statistical techniques utilized and the resultant output. 
3.3. 1 Data Reduction Program 
A computer program was written, in Fortran IV language, 




deviations and frequency distributions of the samples. The laboratory 
data were transferred onto data sheets, as shown on Figure 3.4, and 
keypunched directly from these sheets onto input cards which were read 
into the computer. Special code numbers were used to identify missing 
data and the reason that the data are missing: 
654321 
123456 
indicates data missing due to experimental failure, 
indicates data missing due to plate overgrowth. 
Under certain circumstances, reliable data were obtained from over-
grown plates. This factor is noted by a minus sign in front of the 
tabulated data. Since negative counts are not acceptable, the program 
deletes the minus sign before performing any statistical operations. 
3. 3. 1. 1 Original Data Printout 
The input data are printed out in order to enable verification 
and as a convenient form of data storage and recording. Two sample 
print-outs are shown on Figures 3. Sand 3.6. The case is identified by 
part, lot and sample numbers. The aerobic and anaerobic data represent 
the actual plate counts for bacteria, bacteria spores and fungi. The 
relationship between the categories and plate counts are shown on Table 
3.2. Aerobic data are presented for three time periods and anaerobic 
data are pr esented for only one time period. The asterisk following a 
non-zero data point corresponds to the input of reliable counts from an 
overgrown plate while an asterisk following a zero (0*) repres ents over-
growth where reliable data could not be obtained. The 0* output corre-
sponds to the input of special code 123456. The printout of an M following 
a zero data paint represents missing data, for a reason other than ov er-
growth, and corresponds to the 654321 special input code. 
The scaled total outputs are not reproduced input data but are 
values calculated by the program to reflect the dilution factor. In this 
cas e the colonies counted are multiplied by 13/3 for the 5 ml aliquot 
plates and unity for the piecepart. Thus, the input data for the number 
of colonies on a piecepart after 72 hours is seen, from Figure 3.5, to be 
1 and the scaled total is 1. On Figure 3. 6, however, the anaerobic 
bacteria count is shown to be 1 while the scaled total is shown to be 
4.33 (13/3). 
The total number of aerobic and anaerobic organisms are 
printed at the bottom of each column. The summation of the column 
totals is printed as the "Total Organisms". If, as shown in Figure 3. 6, 
the data are missing from any category, the totals in which these data 
appear are also considered missing. 
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Microbiological Assay Sheet 
PART ___ _ LOT ____ _ SAMPLE 
----
() cd 
() .~ ~;~ : : : : : : : 1 ~:; : : : : : : : : A72 ,r-! ..... D72 ,.0 H .... H ••• IO. IO •• • IO. o Q) • IO • ••••••••• • •• ,.0 Q) B72 H ..., En o ..., Q) () H () •••••• IO •••• cd cd ..... .......... 
Q) cd C72 .: I!l F72 ~ I!l ~ 
cd Ul H24 H48 H72 () cd ~ K72 u ..... G.> ...... .-4 (J') 
• ..-1 H H .. ......... . ..... ...... . .......... . ,.0 H Q) ............... 
,.0 Q) 0 124 I 48 I 72 o Q) H L72 
o +-' P. ........... . • IO •••••••••• . .......... H ..., 0 . .............. t~~ J 24 J 48 J72 Q) () p. M72 cd cd (/) 
<G1!l .: I!l <G 
I FA24 FA48 FA 72 FD72 N 
'en 00 .... .............. . .. " IO .. .... IO ... IO • ...... IO ...... • IO ••••• 10 ••••••• tlO FB24 FB48 FB72 .: FE72 .: :l 
:l ............ ••• IO •••••••• ........... . ~ • IO· •••••••• •• •• ~ FC24 FC48 FC72 FF72 
() ----------- ------------ -----------
() 
---------------.... 
E FH24 FH48 FH72 ,.0 FK72 0 
0 ............ ........... . .......... . H • IO •• • •••••••••• 
H FI24 FI 48 FI72 Q) FL72 Q) cd 
<G ............ ........... . .......... . s:: • ••••• IO •• •••• •• 




Part Name Experiment Number Date Handled ____ __ 
Vendor Date Cultured Incubation Temperature 
Experimenter ______________ _ 















PIECE PART PLATING 
TOT AL S 
"' 
SA ,"Pl E 12 lOT 1 
Aco n e. rr ACT rn SCAL ED 
24 HOURS 48 HOURS 72 HUURS TOTAL 
0 0 0 
0 0 0 
0 0 0 0. 0 
OM OM OM 
OM OM OM 
0 0 0 0. 0 
0 0 0 
0 0 0 
0 0 0 O. C 
OM OM OM 
OM OM OM 
0 0 0 0. (' 
0 0 1 1. 00 
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TOTAL ORGAN[SMS · loO C 
Figure 3. 5 SAMPLE PRINT-OUT DATA 
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0 0. 0 
0 .0 
PART 19 SA "PL E 2 LOT 1 
SOURCE AEROBIC, AFTER SC.AL ED .A~AEROBIC, AFTER SCALED 
24 HOURS 48 HOURS 72 HOURS TOTAL 72 HOURS TOTAL 
BACTERIA 0 0 0 1 
0 0 0 0 
0 0 0 0. 0 0 1t.33 
BACTERIA (SPORESI 0 0 0 0 
I 0 0 0 0 
VJ 0 0 0 0. 0 0 0.0 0 
I FUNGI 0 0 0 0 
0 0 0 0 
0 0 0 0. 0 0 0.0 
0 0 0 0 
0 0 0 0 
0 0 0 0. 0 0 0.0 
PIECE PART PLATING 0* 0* 0* o. r M 
TOT AL S 0. 0 M 4.33 
TOTAL ORGANISMS 0.0 M 
Figure3.6SAMPLEPRINT-QUTDATA 
.. 
1- - ----- - -
Table 3.2 
Description of the Various Groups of Organism Classifications and Their 
Relation t~ the Computer Printout. (Al-.A5 and Bl~B4 represent counts 
made directly from the plates and recorded on the data sheet, Figure 3.4) 
(A) Counts Made 
Non-Heat Shocked 
Heat Shocked at 80 0 C 
for 2-0 minutes (Kills 
Vegetative Bacteria 
and Fungi, Leaves 
only Spore Formers) 
Aerobic 
Three or four aliquots counted 
(AI) Aerobic Vegetative 
Bacteria plus Bacteria Spores. 
(A2) Aerobic Fungi and 
Fungal Spores, 
Three or four aliquots counted 
(A3) Aerobic Bacteria Spores. 
(A4) Aerobic Fungal Spores. 
Anaerobic 
Three or four aliquots 
counted. (B 1) Anaerobic 
Vegetative Bacteria plus 
Bacteria Spores. (B2) 
Anaerobic Fungi and 
Fungal Spores. 
Three or four aliquots 
counted (B3) Anaerobic 
Bacteria Spor es, (B4) 
Anaerobic Fungal Spores. 
(A5) Piecepart placed on surface of Agar Plate (Fully imbedded and grown 
Aerobically), 
(B) Computer Program Data Print Out and Relation of Categories to Counts 
Aerobic 
Aerobic Bacteria -Al 
Aerobic Bacteria (spores) -A3 
Aerobic Fungi -A2 
Aerobic Fungal Spores -A4 
Piecepart (aerobic) -A5 




Anaerobic Bacteria spores 
Anaerobic Fungi 






-(Bl +B2 + B3 +B4) 
3.3. 1.2 Summary of the Data 
The output of the computer prog ra m a l so includes a summary 
of the totals for all samples of a particular p a rt, as shown in Figures 
3.7 and 3.8. The values printed are the scale d totals, as presented on 
Figures 3 . 5 and 3. 6, and reflect the appropriate diluti on factor. 
3. 3. 1.3 Summary of the Results 
Als 0 provided as output are summar ies of a v e r ages and 
standard deviations as computed by the program. An example of this 
output is shown on Figure 3.9. The source classifications are self-
explanatory and the averages are based on the formulation discussed 
in Section 3.3.2. The tlhightl and "low" v alues represent the extreme 
values observed and scaled by the dilution factor. The last three 
columns give root-mean-square (RMS) variations and are unbiased 
estimates of the standard deviations. The first column giv es the average 
variation between the three or two duplicate aliquots for each category 
assayed and is assumed to be due to e xperimental factors only. The 
second column gives the a v erage variati on among samples within the 
same lot, a v erag ed ov er all the l ot s . T his is a measure of the "short-
term\! v ariation, the variation which migh t b e exp e cted between any 
two individual parts that have apparently had similar histories, The 
third column giv es the standard d eviation among lots. T h is i s a measure 
of the "long-term" variation, but must be r e garde d as pOSSibly a gross 
under-estimate since some change might occur which had not been 
sampled during the short duration of this program. These summary 
sheets are presented for all of the parts assayed in Appendix AI. 
3. 3. 1.4 Frequency Distr i bution Tabulation 
The data are organized and presented in the form of frequency 
distribution, as shown on Figure 3 . 10. The range of values of the dis-
tribution is selected by the program to encompass all the counts for the 
selected part. Equal intervals or bin sizes are used to define the function. 
Three forms of the frequency distribution are presented based on 6 
intervals over the range , 12 intervals or 24 interv als. The distribution 
which appeared, through observation, to provide the most meaningful 
presentation has been selected for inclusion in this report. 
3. 3. 1. 5 Summary of Results by Lots 
The results for a specified lot are summarized in a tabulation, 
as shown in Figure 3.11. For each category of organism the a v erage 
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number of organisms is presented together with the experimental RMS 
and sample RMS. Thes e latter two quantities provide an indication of 
the variabirity in the results due to statistical differences from aliquot-
to-aliquot (EXPT RMS) and the variability due to difference from sample-
to-sample (SAMP RMS). A more detailed discussion of these factors is 
presented in Section 3.3.2.4. 
3. 3. 1. 6 Cumulative Frequency Distribution 
Cumulative frequency distributions, based on the logarithm 
of the observed count, were developed after it was observed that the 
distributions behaved in a log-normal fashion (i. e., the log of the 
population had an approximately normal distribution). A sample of 
the cumulative frequency distribution is presented on Figure 3.12. The 
distributions are computed in the same manner as the frequency dis-
tributions discussed in Section 3.3. 1. 4 with the alteration that the bounds 
on the intervals are represented by their logarithmic equivalents plus a 
constant, log (population + 4. 33). The constant was added to avoid com-
putational difficulties with a zero count. The value 4.33 was selected 
since it corresponds to a unit count on a 5 ml aliquot plate when the 
dilution factor is introduced. 
3. 3. 2 Equations Used in Computations 
Before discussing the mathematical basis for the statistical 
operations, it is worthwhile to review the assumed nomenclature. 
Twenty-two selected spacecraft parts and materials were assayed for 
the number of bacteria and fungi on their surfaces. Data were obtained 
for either lOO samples of a given part generally divided into 5 separate 
manufacturing lots or for 25 samples of a single lot. The observed count, 
denoted Xijqm, represents the number of organisms of the ith category 
(aerobic bacteria, fungi, spores, etc.) counted on the jth category aliquot 
taken for the gth sample in the mth lot. There are Kiqm aliquots for a 
particular category on c;t sample taken from a lot. Kiq:m assumes a 
maximum value of three for all but the piecepart, where the maximum 
value is unity. The actual number of aliquots must reflect, however, 
missing data and consequently may be less than the maximum value. 
3.3.2. 1 Total Organisms for a Sample 
The total number of organisms' for a single sample is based on 
the average number of organisms, as determined from several replicas, 
and scaled up by the dilution facter. There are three replicas * for all 
* See next page 
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but the piecepart , which is based on a single replica. The average 
number of organisms in a 5 ml sample is expressed as 
x. = lqm 
J 
max 
L j = 1 (3. 0) 
where Xijqm is the count for one of the replicas and K iqm i s the number 
of valid ahquots. The estimated total number of organisms on a sample 
is obtained by scaling with the proper factor and may be expressed as 
AV 1 iqm = (3. 1) 
where R is the dilution factor. For the piecepart the dilution factor is 
unity while the dilution factor is otherwise 13, representing a 5 ml sample 
from a 65 ml total quantity. The average for a sample is shown as the 
"Scaled Total" on the computer printout. 
* The number of r e plica s is a sume d to be three for 
all but the p iecepar t a s say. The three r eplicas us ed 
in the computation are actually derived , for m any cases, 
from four available samples . Early in the program three 
5 rnl aliquots were used. As time progressed , however , 
it was decided to use only two 5 ml aliquots a nd 1:'<.\'0 
0.5 rnl aliquots in the ev ent that overgrowth became 
a problem in the larger aliquots. Since the program 
accepts three pieces of data the 5 ml results were used 
together with a scaled up (by an order of magnitude ) data 
point from the O. 5 ml aliquots . 
3. 3. 2. 2 Average of All Samples 
The average number of organisms of a specific type was 
derived from the estimates (AV1 . ) of the s ingle sample totals. In lqm 
this case the average over all samples is 
=.L ~ (R~ X .. ) L.- ~ lJqm 
q m J 
EY: 
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S LMMAR Y OF f{E ~uLT::, t- Ck PART 19 {~or-.<;;.lf Lots) 
SCURCE AVlRAGE HIGH l Gw kMS VAR I ATI UNS 
ExrT . S AMP LES Lu rs 
AEROR IC 
BAC T ER I A j . 3? 't . :lJ ' . 2 . 14 0 . 0 (I . ' ) 
BAC T tR I A ( SPUf< [S ) (' • ~6 4 . 33 {: . 'i 2 .17 (l . U '.I . () 
I FU NG I I .1 7 4 . 3 :) (_ • 0, 1. 50 :J . J ') ,~ . -
IN FU NG AL SPO kES ' . 0 'J ' O 'l . ) (l . 1l () . 0 '1 . 0 
....:J P I ECE P ART r: .l B l . uu II . r, ·J . O ) . :l9 J . !) I 
TOT AL AERU BI C 1. 0 6 B. b7 c, • 'I 3 . 40 1.7 2 n . :) 
ANAEROB I C 
BACT ER I A C.1 8 4 . 33 lJ • ' I 1. 57 0 . 0 '1 . 0 
BACT ER 1A ( SPOKf:S ) C. 35 8. 67 r l • oJ 1. 50 1. 50 .) .' r; 
FUNG I O. n 1) . 0 t) . 1} 0 . 0 0 . 0 Cl . O 
FUNGA L SP r.;{ES 0 . 0 J . O I, • () 0 . 0 J . O d . C 
TOTAL ANAERlJl3,[ ( 0 . 53 8 . 6 7 (' . J 2 . 17 1.44 'J . I) 
TOT AL ORGANl S.'1S 1. 5'1 13 . 67 ~) . J 4 . 0 3 1. 9 6 'J . J 
Figure 3. 9 SUMMARY OF RESULTS FOR PART 19 (FOR ALL LOTS) 
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Figure 3.10 FREQUENCY DISTRIBUTION FOR TOTAL AEROBIC FOR PART 19 
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LOT 1 
NAME: AVERAGE: EXPT RMS 
AE R(JB IC BACTERIA 0 . 35 )35 2 . 144 / .. 0. 0 
AE R. 3ACTI. SPORES ;) . ~~c 1 6 2 .1 66 7 : . D 
AE KOB IC FU GI : ... . 17 333 1 . 5 ']1 1 C. J 
AE R. FUN G I SPUkES " • • I ' r-l .# • '-.1 c. o 
PI fCE PART ,l . l d 18~ , ,... ( . 3947 7 . \' 
ANA ER . BACTERIA ' ./ • 12 ~ 1 ') 1. 56 5 0 C. O 
ANA ER . SAC. SP ORES i) . ?4 f::.6 7 1. 5 ( 11 1.5 011 
AI\A ERlJ,8 IC FUNGI ') . ) C r . 1... G. 0 
ANA fR . FUN . SPOKES () .. ) C. G 
TOTAL AEROBIC 1.1U:7 3.3S80 1.7214 
TOTAL ANAERO B I C O . 52 () ('·") 2 . lC85 1.4363 
TOTAL OkG ANISMS 1 . 5(:06 4. 0 31 0 1. 9614 
Figure 3.11 SUMMARY OF AVERAGE RESULTS FOR LOT I , PART NO. 19 
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Figure 3.12 FREQUENCY D I STR I BUTI ON FORlOTAL AEROB i C FOR PART 19 
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which weights the average by the proper number of replicas and the 
dilution factor. The average over all samples is printed out as the 
expected (AVERAGE) number of organisms of a type for each part 
assayed. 
3.3.2.3 Frequency Distributions and High and Low Values 
The frequency distributions of the sample averages (A VI i qm) 
are determined by dividing the total range of organism counts into 24, 
12 and 6 equal intervals. The range of values encompassed by the 
distribution is bounded by a minimum and maximum selected by finding 
two integers K and I such that KI is less than or equal to the lowest 
count and (K + 24)1 is greater than or equal to the largest count. 
In addition to the frequency distribution, the high and low 
values are printed out in order to identify maximum and minimum 
counts, respectively. 
3.3.2.4 Standard Deviations for the Different Categories. 
The statistical analysis is based on different aliquots of the 
same sample, then the several samples of a given lot and finally the 
group of lots. The variability from aliquot-to aliquot is termed the 
experimental variation and is printed out as IIEXPT. II in the group of 
RMS outputs. The variability from sample-to-sample is termed the 
"SAMPLES" of the RMS group. Finally, the variability from lot-to-
lot is shown as the "LOTS" entry on the computer output. As the level 
of variability increases from aliquot to sample to lot the variability at 
each lower level must be removed. Thus, an estimate of the aliquot 
variability must be subtracted from the sample variability and the aliquot 
and sample variability must be subtracted from the lot variability. The 
following expressions for the variations, taken from reference 3. 1, 
reflect this approach to determining the variations, 
The variation in aliquots is represented as <:fxi' where the 
subscript i refers to the category of organism. In this case the varianc e 




2 [ ( I. Xijqm ) 
- .~_~ j - K iqm 







The sample variability ( 0"" s) involv es the experimental 
variation (O"'x). Consequently the v ariance of all the data making up 
the group of samples, the right-hand side of e quation 3.4 , must be 
expressed as a function of the experimental a n d sample variance: 
~ 2 = 
s· 1 
~ "'r{~ X ijqm y 1 V [(2: ~ X ijqmY ] L L J - L. ~q;:;--",-J ___ ---
m q K m L K . 
iqm q lqm 
~ L (Qim - 1) 
m 
(3.4) 
where ni' as shown below, is representative of the number of experi-
ments conducted within the several samples. 
J 
(3. 5) 
where Q im is the number of samples in the mth lot in the ith category 
for which valid data was obtained. 
Taking the variability to the lot lev el involves all three 
variances, the experimental ( d"x2 ), the sampl e ( (5"8 2 ) and the l o t 
((5.2). Thus the total v.ariance, as express ed by the ri ght-hand side 
of equation 3. 6, must be equated to the estimate of total va riability 
within the lots as, 
lrL"LL X.. J2 m q J lJqm 
L L K iqm 
m q 
M - 1 (3. 6) 





M - 1 
" " K . .'--f lqm q 
M - 1 
1 
Kiqm 





where M is the number of lots for the part. Note that a single lot 
(M = l) will cause the denominators of equations 3. 7 and 3.8 to 
assume a value of zero. This problem is resolved by forcing the 
quotient to zero in these cases with a resultant lot variance of zero. 
Similarly, if only a single sample were available (Q = 1) the sample 
variance would be zero by the same reasoning . 
3.3.2.5 Total Burden Values 
The total aerobic and anaerobic counts for a given sample 
or total aerobic and anaerobic averages for a lot or part are, as 
indicated in Table 3.2, obtained by summing all the aerobic and 
anaerobic category counts or averages respectively. 
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Summing the counts or averages for all the categories may 
be an overestimate to some extent since some organisms will grow 
out in both the non-heat- shocked and heat shocked categories; such 
organisms are thus essentially counted twice in the totals. An alter-
native method would be to total only the non-heat-shocked averages. 
This could be an underestimate, however, of the total organisms since 
some organisms may grow only after the heat-shocking treatment . 
Adding all the categories is the conservative alternative and is the one 
which was selected. 
The aerobic totals (AE) are developed from the aerobic 
scaled totals as, 
" L i (aerobic) 
(3. 9) 
where each aerobic total refers to a sample (q) and lot (m). Similarly, 
for anaerobic totals (AN), 
... ,--~ 
AN I qm = / I A VIi qm' (3. 10) 
i (anaerobic) 
and the total count is the Sum of the aerobic and anaerobic totals, i. e. , 
(3.11) 
The totals for the averages for a lot or part are calculated 
in a similar way using the averages for each category; i. e., A V 2i 
instead of AV 1 i m' If the value for any category is missing, the total 
involving that ca~egory is treated as missing. 
3. 3.2, 6 Standard Deviations for the Total Burden Estimates 
made up 
variance 
The variance of the totals is, as discussed in reference 
of the Sum of the variances of the components. Thus the 
of the aerobic totals (C""xe2) may be expressed as 









and the variance of the anaerobic totals 2 O""'xn ) may be expressed as 
t:S' x. 2 
1 > (3. 13) = 
i anaerobic 
2 
and tS""'xi is the experimental variance, as previously discussed. 
Further, the variance of the total number of organisms 0-xt2 ) is 
the Sum of the aerobic and anaerobic total variances, i. e. , 
2 
o-xe + (3. 14) 
Use of these relationships implies that the individual experi-
mental variations are not correlated from category to category within 
a sample. This is a very reasonable assumption. A mechanism for 
such correlation would requir e a definite order in the aliquots for a 
category in a sample, and some physical connection between this order 
and the order of another category in that sample. Such a mechanism is 
not impossible but is quite unlikely. 
The sample and lot standard deviations for the totals are 
based on the variances of the aerobic, anaerobic and totals as descr ibed 
in equations (3. I2), (3.13) and (3.14). Building up to the sample standard 
deviation first, 
r~ AE )2] 
LL ~ 
'g lqm 
2 + 2 = AEI .L QM G'""se 6""'xe qm 
- m q m 3 
La (Qm-l) (3. 15) 
rn 
where, Qm is the number of samples in lot m. In equation 3. 15 the 
approach to determining the variance or standard deviation of the 
anaerobic or total organism count is apparent. For anaerobic counts 
the variance o-.s 2 replaces 0- 2 , the variance of the anaerobic 
n 2 Se 
totals cr"'xn replaces o-xe ' and the anaerobic totals ANI m replace 
AElgrr. Similarly, for the variance in the total counts the \'ariance 
· ~St replaces ~e2, the variance of the totals crt2 replaces <:r Xe 2 




The same substitutions held for the lot variances, as shown 
for the aerobic totals below, 




where M is the total number of lots. The multiplier n4 may be ex-
pressed as 














4 . 1 I n order to facilitate the reading of this report , the bulk of t he experi-
mental results has been grouped by part number and is include d in Appendix 
AI of thi s report. The following items are included: 
1 . Summaries of results are presented for all parts assayed. Two 
summa ries are pres ented for Parts 10 and 16 - in each cq.s e, one 
(a) represents "handled" data and the other (b) represents "non-
handled" data. Part 14 was assayed in two separate e xperiments -
14a represents 100 parts and 14b represents 25 parts. 
2 . Frequency histograms are presented for each part assayed with 
the exceptions of Parts 3, 4, 9, 11 , · 17, and 23. These parts 
were "handled" in the early stages of the program and the data 
are not discussed in detail in this report; these data are felt to be 
meaningless due to the extremely high burden resulting from hand 
to hand transfer of the parts and questiona ble ana erobic conditions. 
Parts 10, 16, and 21 were also "handled" but histo grams are in-
cluded (in the case of 10 and 16) to compare with the "non-handled" 
data for the same part. 
3 . Cumulative frequ ency distributions are presented for each part 
assayed with the exceptions of 3,4,9, lOa, 11,17 lba, and 23 
(all "handl ed" data) and Parts lOb and 27. 
4. Bactericidal and bacteriostatic results are presented for the following 
parts: 2, 8, lOb, 12, 16b, 24, 26, 28, 30, and 31. All other parts 
were assayed prior to the inclusion of this procedure into the program 
plan. 
4 . 2 A comprehensive chart listing the ranges, means, and root mean squr ~ 
variations for each part assayed is presented in Table 4.1. 
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H Human hanqling prior to storage before assay 
NH Sterile transfer of part directly from vendors container - no human handling 
M = Mechanical shaking 
U Ultrasonic washing 
All numbers rounded off to the nearest whole number. 
C!),~, ([), etc . = Circled superscript. Number next to range value indicates the number 
of samples used to determine range of values . 
Other samples in group not valid due to poor snaerobiosis. 
(4 ) Lot Root Mean Squsre vsristions entered only wh~n spplicable, i. e., when more than one lot is cons~dered ( Expt . /Samples Lots 
(5) N = Sterile coupons processed in conjunction with parts remained sterile 
P = Sterile coupons processed hsving at least one positive ~ulture 
(6) Data i ncludes only fungi types on which non-zero counts were obtained 
(7) ~ = Heat 
Part Description Number of Handled (1) Method(2) 
Part Manufac.turer Samples Not of 
Number And Lot Number Assayed Handled Washing Aerobic 
1 CaEacitor , Mllar 
Goodall No. 617G 
TRW, Inc. 
Lot 1 20 NH M 0-9 
Lot 2 20 NH M 0-9 
Lot 3 20 NH M 0-9 
Lot 4 20 NH M 0-4 
Lot 5 20 NH M 0-186 
Over all iOO 0-186 
2 CaEacitor , Tantalum 
No. 350D 
Sprague Electronic Co . 
Lot 1 20 NH U 0-9 
Lot 2 20 NH U 0-4 
Lot 3 20 NH U 0-4 
Lot 4 20 NH U 0-4 
Lot 5 20 NH U 0-4 
Over all 100 0-9 
3 Ca2acitor , Porcelain 
Vitramon Cy 
Vitramon , Inc . 
Lot 1 20 H M 4-399 
Lot 2 20 H M 0-6630 
Lot 3 20 H M 30-117,000 
Lot 4 20 H M 4-94033 
Lot 5 20 H M 9-30 , 333 
Overall TOO 0-117,000 
Range~3) 
~-Shocked Anaerobic 
Aerobic Anaerobic ~-Shocked 
0-4 0-0 0-4 
0-13 0-0 0- 4 
0-4 0- 0 0-4 
0-17 0-4 0-4 
0-82 0-0 0-4 
0- 82 0-4 0-4 
0-9 All Data Missing 
0-65 o-oeD 0-4~ 
0-4 0-7 0-0 
0-4 o-oeD 0- 00 
0-9 0-9 0-4 
1-65 0-9 0-4 
0-204 ([) 0-442 All MiSS'Q) 
0-260 0-15,600 20-20 1 
0-728 All Missing All Missing 
0-325 All Missing All Missing 
4-316 All Missing All Mis sing 
0-728 0-15,600 20-20 
---
--- _L..- -- -~----~ 
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TABLE 4. 1 
SUMMARY OF RESULTS 
All 
Fungi Aerobic 
0- 0 1.7 
0-4 2 . 8 
0-0 1.0 
0-0 0 . 4 
0-4 ll....L 0-4 3.4 
0-4 (Aerobic) 1.3 
0-0 (Aerobic) 0 
0-0 0.9 




0-0 (Aerobic) 89.9 
0-4 1023.0 
0-91 (Aerobic) 24,530.0 
0-13 (Aerobic) 12,600 . 0 
0-0 (Aerobic) 4176.0 
0-9T 8791. 7 
---------, 
• 
Mean RMS Variations (Expt./Samples) (4) 
~-Shocked A-Shocked All ~-Shocked ~ -Shocked All Fungi(6) 
Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Controls (5) Types 
0.6 0 0.2 0 5.0/0 . 50 2.9/0.0 0 . 0/0.0 1.7/0.0 0.0/0.0 N 
-
1.4 0 0.2 0 . 2 6.0/0. 0 4 . 6/ 1. 2 0.0/0.0 1.7/0 .0 1.7/0.0 N Aerobic 
0 . 4 0 0.2 0 4 .4/0 . 0 2.4/0.0 0 .0/0.0 1.7/0.0 0.0/0.0 N 
-
2.2 0 . 2 0.2 0 2 . 4/0 . 0 6. 1/2. 1 1.7/0.0 1. 7/0.0 0.0/0.0 P 
-
.i..2. _ 0 _ 0.4 0 . 2 42.303 •4 30.2/5.5 0.0/0.0 2 .4/0.0 1. 7/0.0 N Aerobic 
2.0 0 . 04 Q.2 ITs 19.4/14.9 14.0/2.7 0 . 75/0.0 1.8/0.0 T.171i:O 
1. 25 0 .75 0.0 0.0 0.0 ~4) - Aerobic 
? 
3.8 0 0 0.2 4.7/0 . 0 24.0/0 . 0 0.0/0 .0 0.0/0.0 1.6/0.0 P Aerobic 
1.3 0 0 . 3 0 0 . 0/0.0 4 . 4/0 . 9 0 . 0/0.0 2 . 0/0 . 0 0.0/0.0 N -
0.3 1.1 0 0 3.4/0.0 2.1/0.0 3.8/0 . 0 0.0/0 .0 0 . 0/0.0 N 
-
0.3 1.4 0 0 2 . 1/0.0 2 .1 /0.0 6 . 1/0 . 0 0.0/0.0 0.0/0.0 p -
.Q.Jl 0 0 . 4 0 . 4 2 . 3/0.0 4.6/0 . 0 0 .0/0 . 0 2 . 4/ 0.0 2.3/0.0 N Aerobic 
1.5 D.5 D.2 IT 3. 11 /0 . 0 12 . 1/0.0 3.0/0.4 T:8JQ":O T:T7O:O Aerobic 
0 . 42 0.0 0 . 3 0 .0 0.1 t4) -
31. 1 100.3 0.0 0.0 21340/3264 28580/138 3943/11410 0 . 0/0.0 0.0/0.0 - -
18.6 1538.0 19.5 0 . 2 - 4292/930 - 760/0.0 2.9/0.0 - Aerobic, 
Aerobic Spores 
74.5 0 .0 0.0 3.1 
-
73450/77860 0.0/0.0 0.0/0.0 113.5/254 - AerobiC, 
Aerobic Spores 
30.8 0 .0 0.0 0 . 9 - 10390/2154 0.0/0.0 0.0/0.0 25/0.0 - Aerobic, 
Aerobic Spores 
24.9 0.0 0.0 0 . 0 - 16350/0.0 0.0/0.0 - 0.0/0.0 -
36.6 1361. 1 19.5 o:B 11817/20638 131.2/72.1 109.6/3636 27.6/0.0 4.7/6.2 Aerobic, I 
9 . 32 0 .0 0.0 0.0 0.3 (4) 
-
Aerobic Spores 
- - -- - - - -- --- - - - --- -- ---- - --~ 
I 
TABLE 4. 1 (Cont'd) 
Part Description Number of Handled (1) Hethod(2) 
Range (3) 
Part Manufacturer Samples Not of 6-Schocked l>-Shocked All 6-Shocked Number and Lot Number Assayed Handled Washing Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic 




Lot 1 20 H H 328-103740 0-74 69-45,500 0-35 0-4 30,050.0 7.6 Lot 2 20 H H 17-108,810 0-78 0-279 0-13 0-13 19,090.0 13.8 
Lot 3 20 H H 26-93,2 10 0-100 0-8580 0-26 0-22 12,990.0 13.9 
Lot 4 20 H M 0-3926 0-30 0-1733 0-33013 0-13 148.4 7.5 
Lot 5 I S H M 0-403 0-22 0-286 0-26 0-30 40.3 4.6 
Overall 100 0-108,810 0-100 0-45,500 0-33,013 0-30 12,760 .9 9. 9 
5 Diode, Power None - No Longer Manufactured 
Flangeless 
No . IN2615 
Motorola Co. 
6 Diode, Power 
l,; Inch Stud 
No. INll86 
Westinghouse Inc. 
0- 33 @ 0-13@ Lot 1 20 NH H O- llO 0-56 0-26 24.2 9.3 
Lot 2 40 NH H 4-1356 0-147 0-26 @ 0-26@ 0-78 94 . 6 13 . 6 
0- 9 @ 0-4 @ Lot 3 40 NH H 0- 43 0-1 3 0-9 ~ 1.7 --
--- - -- --
Overall 100 0-1356 0-147 0-33 0-26 0-78 45 3 8.0 
7 Fuses, Axial 
Sub-Hin. 
No. GFA-TRON 
Busman Hig. Div. 
Lot 1 20 NH H 0-9 0- 22 0-0 0-9 0-4 0.4 2.2 
Lot 2 20 NH H 0- 9 0-4 0-4 0-4 0-0 0 .7 0 .7 
Lot 3 20 NH H 0-9 0-9 0-9 0-9 0-4 0.7 1. 3 
Lot 4 20 NH H 0-17 0-13 0-9 0-0 0-9 1.1 1.7 
Lot 5 20 NH H 0-52 0-4 0-4 0-4 0-4 1.6 0.9 
Overall 100 0-52 0- 22 li=9 0-9 0-9 '""Q.9 'T.4'" 
8 Lacing Cord, 
"Stur-D-Lace ll 
Style 18, No . 96 
Dacron 
Gudebrod Bros. Inc . . 
Lot 1 5 NH U 0-0 0- 0 All Data Hissing 0-0 0 . 0 0.0 
Lot 2 5 NH U 0-0 0-4 All Data Hissing 0-0 0.0 0.9 
Lot 3 5 NH U 0-17 0-4 All Data Missing 0-0 3 . 5 0.9 
Lot 4 5 NH U 0- 0 0-9 Al l Data Hissing 0-0 0.0 1.7 
Lot 5 5 NH U 0-0 0-0 All Data Hissing 0-0 0 . 0 0.0 
Overall 25 0-17 0- 9 0- 0 0-0 '"""(i:() D:'7 ~ 
I 
• 
Mean RHS Variations (EXPt./Samples)(4) 
b.-Shocked All 6-Shocked 6-Shocked 
Anaerobic Anaerob;.c Fungi Aerobic Aerobic Anaerobic Anaerobic 
ll,700.0 4 .9 . 22 - 966/0.0 - 263/0.0 
34.9 3. 5 0.9 - 1084/21. 2 904/3614 42.2/8.8 
899.8 2 . 6 0 . 7 - 1414/120 - 123.9/0.0 
186.2 1231. 0 0.5 951/- 93.6/46.7 - -
32 . 8 4.5 1.0 225/- 179/0 . 0 1487/5734 127.8/0.0 
2001. 6 249 . 2 0 .4 4809/20939 28 . 6/4 . 8 885/4813 746/2833 
12021 0.7 4408 0.0 
4.9 2.9 5 . 2 198 . 6/64 1. 7 121.1/130.2 59.5/70 . 8 16.9/14.6 
5.5 3 . 9 7 . 2 1607/47910 245.6/537.0 62.6/38.4 100. 5/3.6 
1.1 0.7 1. 6 121.6/29.1 20.8/1.8 15.8/1.0 9.7/0.0 
--- -- -- ----
3. 1 2.1 3 . 8 27 . 0/139 .6 11. 5/15.6 6 . 2/4.9 6.3/ 1. 8 
44 .4 5 . 9 2.3 1.6 
0. 0 1.3 0.3 3.4/0.0 9.1/0.0 0.0/0 . 0 3 . 8/1.2 
0.4 0.2 0.0 3. 8/0 . 0 2.9/0.0 2. 4/0.0 1. 7/0.0 
0.7 0.4 0.4 3.8/0.0 3.8/1.2 2.4/ 1.6 3.4/0 .0 
1.1 0.0 0.3 4 .7 /2 . 8 4.7/1.8 5.0/0.0 0 . 0/0.0 
0.2 0.3 0.4 3. 9/6 . 8 3.5/0.0 1.7/0.0 2.0/0.0 
o:s If:') '"0:2 3.9/3 . 2 5.4/0.7 2.8/0 .6 2.6/0 .4 
0 . 0 0.0 0.2 0.4 
0.0 0 . 0 0 . 0 0.0/0.0 0 . 0/0 .0 0.0/0.0 0.0/0.0 
0.0 0.0 0 . 0 0 . 0/0.0 3.4/0.0 0.0/0.0 0 .0/0.0 
0.0 0.0 0.0 6.7/6.7 3.4/0.0 0.0/0.0 0 . 0/ 0 . 0 
0.0 0.0 0.0 0.0/0.0 6.7/0 .0 0.0/0.0 0.0/ 0 . 0 
0.0 0 . 0 0 . 0 0. 0/0 . 0 0.0/0 . 0 0.0/0.0 0.0/0 . 0 
0.0 0.0 0.0 3. 1/3. 1 3.7/0.0 0 .0/0.0 0.0/0.0 









0 . 04 
67.6/14.2 N 
125/137 N 
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TABLE 4. 1 (Cont'd) 
Range (3) 
(Expt./Samp1es) (4) 
Handled (1) Method (2) .. Mean 
RMS Variations 
Part Description Number of 
Part Manufacturer Samples Not of L> -Shocked /A -Shocked <\11 L>-Shocked <'l-Shocked All ill- -Shocked L> -Shocked All 
ontrols(5) 
Fungi(6) 
Number and Lot Number Assayed Handled Washing Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Ty pes 
9 Potting Boot , 
Threaded Mo l ded Nylon 
No. TB-8 
Pli- O-Seal Mfg . Co. 
Lo t 1 20 H H 30-52,953 0-190 All Missing All Missing 0-9 6865 . 0 30 . 2 0 . 0 0 .0 0.4 - - 0. 0/0.0 0.0/0.0 11. 3/0 .0 - Aerobic 
Lot 2 20 H H 4-169 0- 138 All Missing All Missing 0-4 44 . 8 18 .1 0 . 0 0 .0 0.6 3019/862 311/830 0.0/ 0.0 0 . 0/0.0 0 . 1/ 0 .0 - Aerobic 
Lo t 3 20 H M 0-4038 0-61 All Missing All Missing 0- 4 329 . 2 12.1 0.0 0 .0 0 . 2 - 550/33 0.0/0 . 0 0 . 0/0 .0 2 . 8/ 0 .0 - Aerobic 
Lot 4 20 H H 4- 910 0-26 0-52 0- 13 0-9 78 . 0 5 . 0 6.5 2.0 0 . 9 2056/35360 95 .8/ 14.2 0.0/169 0 . 0/ 2 .3 8.4 / 2 . 3 - Aerobic 
Lot 5 20 H M 0- 1122 0-121 0- 221 0-1157 0- 0 116 . 2 8 . 9 16 . 4 59.8 0 .0 2704/72330 2634/0 .0 0 . 0/2513 0.0/66740 Q...QL.Q....Q.. - -
Overal l TIm 0-52,953 0- 190 0-221 0-1157 0- 9 1552 . 2 15. 1 9:8 26.3 Q.7j' 1332/738(1 37.6/21 . 5 0.0/34 .8 0 . 0/173.8 2 .5/ 0 . 64 Aerobic 
2533 7. 0 0 . 0 0.0 0 .0 (4) 
lOa Po t ting Boot , 
!Jon-Threaded 
Mol ded Ny Ion 
No. TPB-8 
Pli-O- Seal Mfg . Co. 
Lo t 1 20 H M 4940-1,560 , 000 0- 4203 130-228,800 0-2513 0-43 570 , 400 358. 1 60621 . 0 437 . 7 2. 2 - 1084/765 23010/765 919/ 617 16.8/0.0 Aerobic 
Lot 2 20 H H 9750-991 , 900 43-1603 0-373,100 0- 650 0-303 299.7 0 .1 90 . 3 15.8 -543 , 430 441/ 312 - 130/ 128 66/42 Aerob i c ,Aerobic Sp ores ,Anaer obic Spores 
Lot 3 20 H M 87-834,600 0-2253 87-183 , 950 0-390 0- 260 218 . 3 30057 . 0 62.5 14.2 -
0-23 , 92dD 0-15,73&0 
137,790 368/546 41905 / 50311 128/63 .0 46.3/31. 8 Aerobic ,Aerobic Spores 
Lo t 4 20 H H 130-2730 0-520 0- 260 784.7 143.7 7150 . 0 2665 .0 2.2 614/497 177/114 0.0 / 8570 0.0/6401 57.5 / 33.9 Aerobic,Aerobic Spores 
Lot 5 20 H H 173- 598 , 130 0-737 0- 1 , 677 , 000 0- 25 , 870 0- 87 41 ,128 . 0 199 . 6 0 . 1 1653.9 12.0 303/127 0 .0/ 418850 . 0.0 / 6077 43/0.0 Aerobic,Aerobic Spor es 
Overall 100 87-1 , 560,000 0-4203 0-1 , 677 , 000 0- 25 , 870 0-303 235,905 . 3 244 . 8 62160 . 0 413 . 3 10 . 3 139992/ 578/420 56145/144 169 561/ 2144 43/25 Aerobic,Aerobic Spor es 
265553 Anaer obic Spores 
266511 0.0 8419 476 13.4 (4) 
lOb Lot 1 25 NH U 0-65 0- 13 0-4 0-13 0-22 17 .5 3 .0 1. 4 0.8 2 .3 19 . 1/9.3 6 . 2/1. 4 4.3/0.0 3.2/2.6 8.7/0 . 0 Aerobic 
Lot 2 25 NH U 0-208 0-13 0-26 0- 4 0- 39 41. 4 3.5 6 . 1 0.5 7.2 32 . 6/38 . 8 6 . 5/1.3 9.9/3/7 2.6/0 .0 13.6/ 5 . 3 Aer obic 
50 0-208 0-13 0- 26 0-13 0- 39 28 . 3 3':2 3.8 ll.T 43 25.8/27 . 2 6 .4/1.3 7. 7/2 . 5 2.9/1.8 11.2/3.7 N AerOi)i'C 
15 . 6 0 . 0 3.1 0 . 0 3.1 (4) 
11 ~,RF 
Molded ; Iron 
and Phenolic Core 
OnlY No. 1537 Series 
De1van Electronics , 
lotI 20 H M 0-74 0-9 0-48 0-13 0- 0 12.1 1.1 4.1 1.7 0 20 . 6/13 . 9 5.0/0.0 20 . 5/0 . 0 6.3/0.0 0.0/0.0 N -
Lo t 2 20 H M 0-5677 0-13 0-871@ 0-26 11 0-0 418.8 2 .0 64 . 2 3.0 0 162.3/1327 6. 6/0.0 10 . 6/221. 7 10 .8/0.0 0 . 0/0.0 N -
Lo t 3 20 H M 0-84,327 0-16,475 0- 4550 0-10,530 0- 0 9521 .1 1712 .1 299 . 0 639 .0 0 2273/25389 1553/4908 85.5/848 .1 267.6/2592 0 . 0/0 . 0 N -
Lot 4 20 H M 0-117,000 0-247 0-130,000 0-13 0-6500 26 , 643.0 19.5 39,743.0 1.6 327 . 8 988/43006 102/0 . 0 0 . 0/56908 5 .4/0.0 12.8/1453 P Aerobic 
Lo t 5 20 H M 0-7800 0-360 0- 130 , 000 0-13 0-4 645 . 6 29 . 4 7 , 890 . 3 0.7 ~ 65.1/1987 .8 35 . 9/82.8 0 .0/29319 2.2/2.0 1. 7/0 . 0 - Aerobic 
Overal l roo 0- 117,000 0-16,475 0-130 , 000 0-10,530 0- 6500 6737.2 "'33'5:7 6510 . 2 'ili'9':'5 67 .1 1101/21157 683/2135 49 . 0/23709 106.8/1062 .1 5 .8/658 Aerobic 9752 557 19336 84 . 8 0 . 0 (4) 
12 Inductors , LF 
No. DOT 10 
United Transformer Corp. 
Lor 1 25 NH U 0-4 0-13 0-4 0-4 0-4 1.2 1.6 0 . 5 0 . 2 0.4 4 . 0/0 . 0 4.6/0.0 2 . 6/0.0 1. 5/0.0 2.1/0 . 0 P Ae robic 
13 Rel ays ,Crys t al 
Can. Series 32 
Si gma Instrumen t s 
U 0-1588 0-17 0-48 0-4 0- 65 3112.2 2.2 40.2 0.3 9.4 416/4978 4 .2/3 . 4 53 . 2/103.1 1.9/0 .0 9.2/15.9 P Aerobic Lot 1 25 Nli 
. 
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TABLE 4.1 (Cont'd) 
Part Description Number of Handled(l) Hethod(2) 
Range (3) Mean RMS Variations (Expt./samples)(4) 
Part Manufacturer Samples Not of A -Shocked A -Anaerboic Al l A -Shocked A -Shocked All A-Shocked -A-Shocked All Fungi(6) Number and Lot Number Assayed Handled Washing Aerobic Aerobic Anaerobic Shocked Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Controls(5) Types 
14a Resistors , Gl ass 
Car bon Film 
No. GC 1/4 
Texas Instruments 
Lot 1 25 NH H 0-4 0-4 0-4 0-4 0-4 0.9 0 . 7 0.2 0 . 2 0.3 3 . 4/0 . 0 3.0/0 . 0 1.5/0.0 1.5/0.0 2.1/0 . 0 N Aerobic Lot 2 25 NH H 0-20 0-4 0-4 0-9 0-4 1.7 0.5 0.7 0.5 0 . 7 3.8/3 . 2 2.7/0 . 0 3.1/0.0 3.4/0.0 3.1/0.0 N Aerobic Lot 3 10 NH M 0-35 0-4 0-13 0-4 0- 4 5 . 2 1.3 1.7 0.2 0.2 13 .4/7.2 4 .1/0 . 0 7 . 5/0 . 0 0.0/0.0 0.0/0.0 P -Lot 4 20 NH M 0-9 0-9 0-4 0-0 0-4 1.1 0.9 0.4 0.0 0.2 4 . 4/0.0 4 . 1/0 . 0 2.1./0.0 0.0/0.0 1.7/0 . 0 N Aerobic Lot 5 20 NH M 0-9 0-9 0-4 0-0 0-4 0 . 9 0 . 7 0 . 2 0.0 0 . 2 4.1/0 . 0 2. 4/1.6 1.7/0.0 0.0/0.0 1.7/0.0 N Aerobic Over al l 100 ~ 0-9 0-13 '0-9 lH' 'l.5 OT "'Q.S --o:T "'Q.4 5 . 7/2 . 6 3.2/0.4 3.2/0.0 1.8/0.0. 2.1/0.0 Aerobic 
1. 0 0 . 0 0.3 0.1 0 . 0 (4) 
14b Lot 1 25 NH M 0- 4 0-4 0-4 0-0 0-35 0 . 2 0.5 0.2 0.0 1. 44 1.5/0.0 2 . 6/0 .0 1. 5/0.0 0 . 0/0.0 1.5/7.0 N Aerobic 
15 Resistors, Carbon , 
Composition No. CB 
Allen Br adley Corp. 
Lot 1 20 NH H 0-13 0-22 0-0 0-7 0-4 2 . 3 1.4 0.0 0.2- 0.2 4.9/2 . 7 8 . 8/0 . 0 0 . 0/0 . 0 1.6/0.9 1.7/0.0 N Aerobif' 
Aerobic Spores Lot 2 20 NH M 0-22 0-17 0-9 0-13 0-4 3 . 1 1.8 1.8 2.8 0.2 8.3/3 . 3 7 . 6/0 . 0 4.4/0.8 7.2/0.0 1.7/0.0. N Aerobic Spor es Lot 3 20 NH M 0-13 0-13 0-13 0-9 0-0 1.5 2.2 0.7 0 . 9 0.0 6.5/0 . 0 6 . 7/2.0 5.0/0.0 2.9/1.~ 0.0/0.0 P -
Lot 4 20 NH M 0-9 0-4 ~ 0- 13 0- 7 1.5 0.4 1.6 1.1 0 . 3 5.0/0 . 0 2.4/0 . 0 0.0/4.6 5.0/0.0 2.0/0.0 P Aerobic Spores , Anaerobic Spores Lot 5 20 NH M 0-26 0-195 0-0 9 0- 358 @ 0-0 
-1...1. Jl.Ji. ~ 37 . 3 0 . 0 10.3/0.0 52.9/30.7 0.0/0.0 147.0/0 . 0 0 . 0/0.0 N .-Over all 100 0=26 0-i9.5 0-13 0-358 0-7 2. 0 3 . 8 0 . 8 4T ---o:l" 7 . 3/1.7 24 .8/13.8 3.9/0.0 41.6/19 . 7 1.010.2 Aerobic! 
0.0 2.6 0.6 9.5 0 . 0 (4) Aerobic Spores J 
Anaerobic Spor es 
16a Resistors, Molded 
Me tal Film 
No. MEA-T2 
Internation Resistor Co . 
Lot 1 20 H M 1369-102,353 0-30 43-38,220 0-13 0- 91 4l , 670.0 5.0 2,445.0 3. 7- 4.1 - 317/0 . 0 - 36.5/4.9 210/254 - Aerobic, Aerobic Spores , Anaerobic Lot 2 20 H M 971-156,520 0-56 13-7326 0-13 0- 43 60,760 . 0 9.6 2,203.0 1.7 2.42 - 313/37 .8 - 42.2/0.5 62/45/6 - Aerobic, Aerobic Spores Lot 3 20 H H 241-694,980 0-61 13-3969 0- 56 0-169 34,140.0 13.9 695.0 5. 9 31.20 - 441/66 . 9 - 690/0.0 490/2311 - Aerobic Lot 4 20 H M 0-180 0-17 0-74 0-35 0-143 39 . 7 5.1 18.7 6 . 1 0.21 2126/1861 130/0 . 0 556/145 270/5.1 2.8/0.0 - Anaerobic Lot 5 20 H M 4-247 0-65 0-87 0- 52 0- 4 37 . ~ -...!§2... J2.:.l.. 6 . 6 0 . 3 3194[1954 713/189 1092/97.8 153/l71 4.4/0 . 0 - Aerobic, Anaerobic Overall laO 0-694,980 0-65 0-38,220 --0=56 '0-169 20 , 907.8 10 . 1 780 . 5 l;'T 9:2 7921/56053 19.8/7.4 473/2798 15.6/5 . 4 9.7/16.9 - Aerobic , 
20599 42 855 0.0 8 . 5 (4) Aerobic Spores, 
Anaerobic 
16b Lot 1 20 NH U 0-65 0-9 0-0 0-0 0-0 3.4 1.1 0 . 0 0 . 0 - 0.0 15.4/10.1 3.9/1.9 0.0/0.0 0.0/0.0 0.0/0.0 N -Lot 2 20 NH U 0-212 0-13 0-39 0-4 0-0 9.8 0 . 2 2.5 0 . 5 0.0 8 . 8/42 . 8 1.5/0 . 0 7 . 5/6.8 2.6/0.0 0 . 0/0.0 N -
Lot 3 20 NH U 0-33 0-4 0-13 0-9 0-0 0.5 - 1.9 0.9 0.0 2 . 7/0.0 0 . 0/0 . 0 5.0/0.0 4.7/0.0 0.0/0.0 N -
Lo t 4 20 NH U 0- 9 0-7 0-0 0-0 0-0 1.6 0 . 9 0 . 0 0.0 0 . 0 4 . 2/1.0 3.8/0.0 0.0/0.0 0.0/0.0 0.0/0.0 N -
Lot 5 10 NH U 0-7 0-69 0-0 0-0 0-0 
.-L..L 9 . 6 0.0 0 . 0 0.0 5.3/0 . 0 41.5/0.0 0.0/0.0 0.0/0.0 0.0/0.0 N -Overall 90 0-212 0-69 0-39 0=9 "'O-'ll 4 . 4 l.6 "'0:'9 "'ii':'3 "0:'0 9 . 8/23 . 8 13.6/0 . 0 4.4/3.7 2.2/0.0 0.0/0.0 
0 . 0 2.65 0 . 7 0.2 0.0 (4) 
17 Switches , Precision 
Snap Action No. IHMI 
with Silicone Potting 
Terminals 
Honeywel1'Microswitch Div . 
I Lot 1 5 H M 58-286 0-13 30-312 0-4 0-35 134.3 4.6 118.1 0 . 9 9 . 5 800/12530 135/0.0 1521/17090 11.3/0.0 135/165 - Aerobic Lot 2 5 H M 260-979 0-13 72-373 0-7 0-4 570.6 4.3 153.2 2 . 8 0 . 9 31410/116200 32/10 11500/13010 34/0.0 11/0.0 - Aerobic 
Lot 3 5 H M 13-244,595 0-35 0-48 0-9 0-4 35,020.0 13.0 13.9 4.3 0 . 9 216300/- 350/100 293/347 34/8 11/0.0 - Aerobic Spores 
Lot 4 5 H M 13-251 0-22 0-59 0-17 0-0 78.9 8.7 26.0 7 . 4 0.0 4338/8219 248/0 . 0 1411/0 .0 235/0.0 0.0/0.0 - -
Lot 5 5 H M 39-104 0-9 13-22 4-9 0-13 62 2 ~ 15.9 6.9 0 . 6 3853/0.0 38/0.0 300/0.0 56/0.0 188/0.0 - Aerobic Overall 25 13-244,595 0-35 o=m 0-17 0-35 9062 . 2 7.06 66.8 '"4.5 3.l 252/49691 13.1/3 . 4 56.3/78 . 8 8.5/0.0 5.4/4.1 Aerobic, 
0.0 1.2 52.3 2.13 2 .0 (4) Aerobic Spor es , 
18 Thermis tors, 
Welded Case No . TC 1/4 
Texas Instruments 
Lot 1 20 NH M 0-13 0-13 0-4 0-4 0-4 1.1 2.0 0 . 4 0 . 4 0 . 2 2 . 4/2 . 8 4.4/2.9 2.4/0.0 2.4/0.0 1. 7/0.0 N Aerobic 
.- Aerobic Spores 
Lot 2 20 NH M 0-4 0-4 0-4 0- 4 0-0 0.9 1.3 0.9 1.3 0 . 0 3.4/0 .0 4 .1/0 . 0 3.4/0.0 4.2/0.0 0.0/0.0 N -
Lot 3 20 NH M 0-13 0-13 0-7 0-4 0-4 3.8 2.6 1.4 0.4 0 . 2 7.9/1.8 6.8/0.0 4.2/0.0 2.4/0 . 0 1.7/0.0 P Aerobic 
Lot 4 20 NH M 0-4 0-4 0-7 0-0 0-4 , 1.1 0.2 0.3 0.0 0.1 3.8/0 . 0 1.7/0 . 0 2.1/0.0 0.0/0.0 1.7/0.0 P , Aerobic Spores 
Lot 5 ..1Q. NH M ~ 0-13 0-7 0-13 0-4 
.!l..L ..L..L ...!.....L .1..JL 0.1 3.4[0.0 6.9/2.6 4.1/0.0 0.0/4 .8 1.7/0.0 P Aerobic _ 
°l erall 100 0-13 0-13 0-7 0-13 0-4 1.5 1.7 0.9 0.8 IT 4 . 5/1.4 5.2/1 . 6 3 . 4/0.0 3.1/0 .0 1.2/0.0 Aerobic, AerobIc Spores 




TABLE 4. 1 (Cont'd) 
Handl ed (1 ) Method(2) 
Range (3) Mean RMS Varia t ions (Expt . /samp1es)(4) 
Part Descr ip tion Number of 
Part Manuf ac turer Sampl es Not \ of A -Shocked A -Shocked All A -Shocked A - Shocked All A -Shocked A -Shocked All Fungi (6) 
Number and Lo t Number Assayed Hand l ed Was hing Aerobic Aer obic Anaerobic Anaerobic Fungi Aer obic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Contro1s(5) Types 
19 Transformer s, 
Any SP Ser ies 
Triad Di stributor 
Lot 1 25 NH M 0- 4 0-4 0- 4 0-9 0-4 0.4 0.4 0 . 2 0.4 0 . 1 2 .1/ 0 . 0 2. 2/0 . 0 1.6/0 . 0 1. 5/1. 5 1.5/0.0 N Aer obic 
20 Transistors , Small 
Signal NPN , Silicone 
No. 2N930 
Texas Ins trumen t s 
Lot 1 20 NH M 0- 9 0-4 0- 4 0-0 0-0 1.3 0.4 0 . 2 0 . 0 0 . 0 3 . 4/2.1 2 .4/6 . 0 1. 7/ 0.0 0.0/0 .0 0.0/0 .0 N -
Lot 2 20 NH M 0-22 0-9 0-13 0-9 0-0 3. 7 1.0 1.7 0 . 7 0 . 0 10 . 6/0 . 0 4 . 4/0 . 0 2.9 / 3.4 3.8/0 . 0 0 . 0/ 0.0 N -
Let 3 20 NH M 0- 8 0- 13 0- 17 0-4 0-4 2. 7 0 . 9 3.5 0 . 2 0 . 2 6 . 0/0 . 0 3 .4 /2 . 3 6 . 5/ 3.8 1. 7/0 .0 1. 7/0.0 N Aer obic, 
Anaerobic 
Lot 4 20 NH M 0- 4 0- 8 Missing @ Missing @ 0-4 0. 4 0.9 0 . 0 0 . 0 0 .1 2.4/0 .0 4 . 2/0.0 0.0/0.0 0 .0/ 0.0 1. 7/0 . 0 N Aerobic 
Lot 5 20 NH M 0- 4 0- 8 0-0 0- 0 0-0 0. 9 0.9 0 . 0 0 . 7 0 .0 3 . 4/ 0 .0 2 . 9/ 1.5 0 . 0/ 0 . 0 3.1/ 0.0 0 . 0/0 .0 - -
Over all 100 o:u 0-13 0- 17 0-9 0- 4 l.8 D.8 l.5 Q.4 D.l 5.9/0 .0 3 . 5/1. 1 3. 8/2 . 7 2 . 5/ 0.0 1.0/ 0 . 0 Ae robic , 
1. 2 0 . 0 1. 3 0 . 0 0.0 (4) Anaer obic 
21 Tr ans i stors , Med. 
Power, Si licone 
No. 2N1893 
Texas Instruments 
Lot 1 20 H M 0-13 0-43 0- 22 0-0 0-4 4.3 7.1 1.5 0 . 0 0 . 2 8 . 7/0.0 21.1/0 . 0 6. 5/3.2 0.0/0.0 1.7/0.0 P Anaer obi c 
Lo t 2 20 H M 0-4 0-13 0- 8 0- 13 0-0 1.5 2 . 2 0.8 1.3 0 . 0 4 . 5/0 . 0 5 . 8/2.3 4 .1/0.0 6.2/0.0 0.0/0 .0 P -
Lo t 3 20 H M 0- 65 0-78 0-95 0- 22 0- 9 8.1 6 . 3 6 . 5 1.8 0 . 5 10 . 4/13.8 14 .8/12 . 2 8.0/21.8 9.1/0.0 3. 5/0.0 P Aer obic 
Lot 4 20 H M 0- 43 0-9 Missing 0- 13 0- 0 15.4 1.3 0 . 0 0. 7 0 . 0 20 . 7/8.4 4.7/0 . 0 0 .0/0.0 0.0/2.9 0.0/0.0 P -
Lot 5 20 H M 0-21 0-9 Data 0- 338 0- 4 7.4 1.3 0.0 20 . 6 0 . 5 12.5/0.0 3 . 6/1. 4 0 . 0/0.0 0.0/81.8 2.6/0.0 N Ae~obic 
Over al l 100 0- 65 o:7s 0- 95 0-338 0-9 7. 5 3.7 D 2.7 0:2 12 .8/6 . 9 12.4/5.4 6.4/12 . 6 6.4 / 23.8 1.6/ 0.1 Ae ro bic, 
4. 7 1.9 0 .0 2.9 0.1 (4) Anaer ob i c 
22 Transis t ors , NPN 
Silicone No. 2N2604 
Sperry Rand Corp . 
Lot 1 20 NH M 0-182 0-4 0- 43 0-4 0-0 10.6 0.4 2.2 0 . 2 0 . 0 8 . 7/40. 1 2.4/0.0 4.4/9.3 1.7/0 .0 0 . 0/0 . 0 N -
Le t 2 20 NH M 0-8 0-4 0-4 0-4 0-4 1.1 0.2 0.7 0.2 0 . 1 4. 1/1.4 1. 7/0 . 0 2.9/0.0 1.7/0.0 1.7/0.0 P Aerobic 
Lo t 3 20 NH M 0- 17 0-4 0- 13 0- 4 0-4 1.3 0 . 9 2. 7 1.0 0 . 1 7 .1/0 .0 3 . 4/0.0 6 .1/1.9 3.6/0.0 2 .4/0.0 N Aerobic 
Le t 4 20 NH M 0- 13 0-9 0- 9 0- 13 0-0 1.5 0.7 0.7 1.1 0.0 4. 4/3.1 2 . 4/1.6 2. 4/1.6 3.8/2.2 d.%.o P -
Lot 5 20 NH M 0-13 0-13 0- 4 0-8 0- 4 2.5 1.4 0.5 1. 0 0.2 7.1/0.7 6 .1/0.0 2 .4/0.0 3 .1/1.6 2 .1/0.0 N Aer obi c. 
Aer obic Spores 
Over all 100 o::Iii2 0-13 lPi3 O-TI 0-4 3.4 Q.7 T.2 Q.7 D.l 6 . 5/18. 1 3:57li":3 3 . 6/4 .6 "'f:"87I":3 T:3l'O":D Aerobic, 
0 . 0 0 . 04 0.0 0 . 0 0 .05 (4) Aer obic Spor es 
23 Res i s t or s ,Trimming 
Car bon Comp o No 3051P 
Bourns , Inc . 
Lo t 1 5 H M 23- 44 , 980.0 0-4 0- 45 , 413 . 0 4-21. 7 0-0 11 ,250.0 1.73 57 . 4 20, 160 . 0 10 . 4 - 22 . 5/0 . 0 0.0/5440 - 225/0 . 0 - Aer obic 
Lot 2 5 H M 13-3401. 7 0-26 0- 2, 860 . 0 0-56 . 3 0- 9 790 . 0 11 . 92 22 . 8 250 . 2 11. 1 - 450 . 7/0 . 0 0 . 0/1068 80.5/- 11.1/1774 - Ae robic, 
- Anaer obic 
Lot 3 5 H M 320-35,620 0- 86 . 7 0-7678 . 7 0-13 0- 9 17,450 . 0 31.4 109 . 8 4852 . 0 2.7 - 1022/1003 0 .0/9713 - 89 . 5/0.0 - Aerobic, Anae robic 
Lo t 4 5 H M 268- 49,920 0-82 56-1915 0- 420 0-0 14 , 320 . 0 20.8 88.6 686.0 96 . 6 - 1307/779 0.0/4489 - - - Anaer obi c 
Lo t 5 5 H M 39- 24 , 141 0- 17 21- 325 0-17 0-0 6 , 355 . 0 .2.:2... 20 . 2 74 . 1 9 . 3 - 62 . 6/39.6 0.0/685 3211/9227 350/0.0 - Anaerobic 
Over all 2s 13- 49 , 920 0- 87 0- 45 , 413 0-420 0-9 8,990.7 13.8 4018.3 27:5 Q.4 2385/ 14365 23 . 7/18 . 6 1633./9715. 74 . /72.8 4.75/0.0 Aerobic, 
0 . 0 5.24 5589.4 6.3 0 . 91 (4) Anaerobic ! 
24 Silicone , AMS 
I 
I 
3303/.60 ,16"x18"x1/ 16" 




TABLE 4.1 (ConcI1d) 
Range (3) 
RMS Variations (Expt./Samples)(4) Mean 
Part Description Number of Handled (1) Method (2) 
Part Manufacturer Samples Not of A-Shocked A-Shocked All A-Shocked A-Shocked All A-Shocked A-Shocked All Fungi 
Number And Lot Number Assayed Handled Washing Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Aerobic Aerobic Anaerobic Anaerobic Fungi Controls(5) Types (6) 
25 Epoxy Resin, Epon No assay due to sterilization of part by high curing temperatures 
No . 828/2 Shell 
Z Curing Agent 
Shell Chern Co . 
26 FLGE Laminate, 
1/16" thick No. MIL-
P-13949 
Westinghouse. Inc. 
Lot 1 100 NH U 0-35 0-9 0-4 0-0 0-4 Aerobic, 
1.6 0.5 0.1 0.0 0 . 25 7.6/0.0 3 . 1/0.0 1.2/0.0 0.0/0.0 1.8/Q.0 P Aerobic Spor es 
27 Elas tomer, LS 
53/70 1 1/16" Thick 
1" Squares 
Plastic and Rubber Co . 
Lot 1 20 NH M 0-4 0- 4 0-4 0-4 00 2. 0 0.4 0.7 0.2 0.0 4.7/0.0 2 . 4/0.0 2 . 4/1.6 1.7/0.0 0.0/0.0 N -
Lot 2 20 NH M 0-22 0-4 0-0 0-0 0-4 3 . 3 0.4 0.0 - 0.2 11.1/0.0 2.4/0.0 0 . 0/0.0 2 . 4/0.0 2.9/0.0 N Aerobic 
Lot 3 20 NH M 0-9 0-4 0-0 0-0 0-4 1.3 0.4 0.0 0.0 0.1 3.4/2.1 2.4/0.0 0.0/0.0 0.0/0.0 1. 7/0.0 N Aerobic 
Lot 4 20 NH M 0-9 0-9 0-9 0-0 0-13 1.2 1.5 0.9 0.0 0.3 4.7/0 . 0 5.6/0.0 5.0/0.0 0 . 0/0.0 4.0/2.3 N Aerobic 
Lot 5 20 NH M 0-26 0- 4 0-13 0-4 0-4 2.4 0.9 0.7 0.4 0.2 7.5/4.7 3.4/0.0 5.2/0.0 2.4/0.0 1.7/0.0 N Aerobic 
Overall 100 0-26 (i':9 0-13 0-4 0-13 z.u TJ.7 Q.5 03 D.1 6:97T:8 3.5/0.0 3 . 6/0.7 1.8/0.0 T.47T.O Aerobic 
0.0 0 . 23 0.0 0 . 0 0.27 (4) 
28 Silicone,PR-1930-
1/ 2, 5 KITS 
Products Research 
and Chem Co. 
Lot 1 25 NH U 0-52 0-9 0-0 0-0 0- 0 3.1 0.9 0 . 0 0.0 0.0 10.3/9.1 2.6/2 . 0 0 .0 /0.0 0.0/0.0 m 0.0/0.0 N None 
29 Varnish, Pyre- Not assayed due to sterilization of part by high curing temperatures 
MLRK, 6965 
I.E. DuPont, De Nemours 
and Co . 
I 
30 Silicone, RTV 115 
Thermodite - 12 
Catalyst 
General Electric 
Lot 1 25 NH U 0-117 0-22 0-4 0-4 0-4 10.2 2.7 1.1 1.1 0.1 9.7/30.2 8.1/1.3 3 . 8/0.0 3.8/0.0 1.5/0.0 N Aerobic Spores 
31 Silicone Rubbg[ 
Tubing, Silas tic 
1410, 1/4" 
Dow Corning, Corp-. 




5. Discussion of Results 
5. I Bactericidal and Bacteriostatic Analysis of the Parts 
Bactericidal and bacteriostatic assays were carried out for Part Nos. 
2, 8 , la, 12, 13, 16, 24, 26, 28, 30 and 31. All other parts were assayed 
prior to the inclusion of bactericidal and bacteriostatic analysis into the 
program plan; thus, no data on these parts is presented. With the exception 
of Part No. 26 , little or no inhibition or kill-off was noted in either the 
Millipore filter-negative plate assay or the part-overlay assay;;: Part No. 26, 
bilaminate copper sheeting, caused apossible inhibition of bacterial growth 
as determined by the part- overlay assay. This inhibition is illustrated in 
Figure 5.1. A blue- black discoloration of the agar and the copper surface 
were noted; no bacterial colonies were observed in these areas. It is con-
cluded that the part itself or a diffusable substance produced by the part was 
the cause of the observed inhibition. No decrease in colony size or number 
was noted in the Millipore-filter-negative plate assay, however. Perhaps 
the actual pres ence of the part is a necessary factor for inhibition. 
There is a definite possibility that a number of the other parts and 
materials in this study which were not checked could exhibit Some form of 
bactericidal or bacteriostatic activity. For instance, Part No. 1 was observed 
to cause agar discoloration at the end of the lead wires. Inhibition mayor may 
not be associated with this phenomena. 
5.2 Ratios of Different Populations 
It was observed that parts which had high burdens in one category tended 
to have high counts in other categories as well. In order to establish a means 
of isolating part contamination from the ratio of burdens in different categories , 
the average count in several categories were normalized to the average of the 
aerobic bacterial spores. This was done for 22 parts and the results are 
presented in the form of histograms, on Figure 5.2. 
The intervals on the histograms shown in Figure 5.2 each cover a range, 
from low to high, equal to a factor of two; i. e., the high end of the interval is two 
times the low end. The histograms indicate a 50: I spread in results for the aerobic 
bacteria/ae.robic bacterial spores ratio; i. e., the maximl.lm value of !the ratio is 
approximately 50 times the smallest value. No attempt was made to determine 
the significance of this finding. The other three ratios, shown on Figure 5 ~ 2 , 
generally show two distinct groupings. One group, those in the lowest range, 
* See Sections 3.2.2.4. 
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Figure 5. 2 DISTRIBUTION OF RATI OS OF CATEGORY AVERAGE FOR 22 PARTS 
I 
have very low burdens compared to the aerobic bacterial spore burdens. The 
other group has burdens of the same order as the aerobic bacterial spores. 
The data from plating of the washed part is not pres ented as a ratio in 
this way, since the ratio would measure primarily how well the part can be 
washed, and the part count was given only as a total count and not broken 
down into the other categories. The other categories not given in Figure 5.2 
had very low burdens (usually zero) and were, therefore, not included. 
5. 3 Cumulative Distributions 
In Section 4, cumulative distribution curves were presented for the 
total aerobic burden for the parts assayed in this study. The curves indicated 
a log-normal distribution. In this section, the significance and usefulness of 
this type of distribution are presented and the results for the various lots and 
parts are discussed and compared. 
5. 3. 1 Description and Significance of the Distribution 
The cumulative distribliltions presented in Appendi x AI can be 
derived from the histograms which are also presented in Appendix AI. 
The histograms represent the density function which is, in a sense , 
integrated to determine the cumulative distribution function. 
Reviewing the histograms it may be noted that the frequency 
distribution is markedly skewed; that a few samples are found with 
burdens much higher than most of the samples have. Consequently, these 
histograms do not give as much information as might be desir ed. They 
show that most of the samples had less than a certain burden , the upper 
bound of the first step, and that a few had much higher burdens. To 
present a more useful picture and to show some of the detail of the dis-
tribution that is all lumped together in the first block of the histogram 
it is necessary to compress the scale for high burdens, and stretch it 
out for low burdens. 
The logarithmic function has just this effect and was initially 
chosen for just this purpose. It is not possible to use the logarithm of 
the burden itself; many burdens are zero. Consequently a constant was 
added to the burden before taking the logarithm. There is nothing es s ential 
about the constant; 4.33 was initially chosen because it corresponds to 
the burden inferred if there is one organism in one aliquot of one sample. 
Hence adding this amount is equivalent to adding one organism. That 
is the reason for the initial choice; the number was retained because it 




A detailed discussion of the log-normal distribution, as related 
to the data analysis and reduction, is presented in Appendix All 
It is again emphasized that the actual d istributions are n ot 
normal, they appear to be log-normal. 1£ plotted on normal probability 
paper, using the proper logarithmic transformation , the cumulative 
distribution is approximated by a straight line. The straight line can 
be conveniently represented by two parameters, the mean (f.L) and the 
standard deviation (~ ). However, due to the distortion introduced 
by the logarithmic transformation, these values defining the line (f.L and 
o:t ) do not corre-spond to the averages and RMS values given in the 
summary of resul ts tables. 
5.3.2 Discussion of Distribution Details 
The spread in the distribution includes variation due to experi-
mental variation, sample variation and lot variation , as mentioned in 
Section 3. The cumulative distribution curves show the total sample 
variation, which includes a contribution from the experimental variation 
as well. (If there is any variation due to lots, different curves are 
presented for the x different lots. ) 
The experimental variation can be estimated to some extent. 
In any experiment which involves counting independent events, such as 
this one, a natural statistical variation occurs in the observed burden 
even ~f all samples were exposed to the same contamination. Contami-
nation can only occur in units; if two samples have an equal probability 
of being contaminated on a macros copic scale, microscopic variations 
may resUlt in the two samples obtaining quite different burdens. When 
the probability of a sample picking up a unit of contamination is constant 
from one sample to the other, the actual distribution of number of units 
picked up will follow the Poisson distribution. This distribution represents 
the minimum variation which is expected in the distributions which are 
obta ined experimentally. Any mechanism which changes the probability 
of picking up contamination from one sample to another, or any mechanism 
(such as reproduction) which changes one unit into several will add an 
independent source of variation which will make the observed variation 
larger than that of a Poisson distribution. Consequently, if we compare 
the distributions obtained in this study with the Poisson distribution , we 
expect to find that most are broader, some may correspond, and none 
should have less variation than the Poisson distribution. 
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5.3 . 2. 1 C o mpar ison with Poisson Distribution 
The c umulative Poisson distribution is plotted versus the 
logarithmic function in Figure 5.3 . for different values of aver age 
burden. These curves are based on three aliquots with good data for 
each sample. If a curve for a part has a significantly lower slope than 
these curves, it is evidence that some mechanism other than the random 
placement of indiv idual organisms has been operating. No curve sho uld 
have a significantly higher slope than the corresponding Poisson distri -
bution. The comparisons have been made and have been summarized in 
Table 5.1. Some curves correspond to Poisson distributions v er y well; 
the others have larger variations. The data for those sets whi c h a gree 
with Poisson distributions is consistent with the hypothesis that all the 
samples were exposed to contamination. 
There was one part, No. 30, received as a liquid base with 
a liquid catalyst , for which a Poisson distribution might be reas onably 
expected since it was m\xed by stirring in the laboratory befor e a ssay 
and subsequently handled aseptically. The distribution observ ed is quite 
straight on the logarithmic scale and is obviously not a Poisson distri-
bution. Several possible causes can be postulated for this anomaly: 
a) The mixing was not good since the liquid was quite thick. 
b) Subsequent reproduction occurred, increasing the observed varia tion. 
c) The organisms were clumped to some extent when the m ixin g occurred 
(i. e. , a contamination unit was several organisms) and the ultrasonic 
washing was vigorous enough to break up the clumps in t h e wash 
solution into individual organisms with an effect simila r to (b). 
5.3.2.2 Effect of the Distributions on Computed RMS Values 
Because all of the distributions were markedly skewed, the 
RMS variation is not a satisfactory measure for the distribution. It is 
indeed an unbiased estimate of the standard deviation, which has the 
useful property that the square of the standard deviation of the d i s tribution 
of a sum is equal to the Sum of the squares of the standard dev iations of 
the distributions of the addends. Furthermore, the mean and t h e standard 
deviation of a normal distribution uniquely specify it. For a s lightly 
skewed distribution, the standard deviation is not as useful a parameter. 
One use is to estimate the probability of obtaining samples with b urdens 
greater than a certain amount. For thia study, this information is most 
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Table 5. 1 List of Parts for Which Data Agree Well with Poisson 


















Another effect of the skewed distribution is to make the 
estimates of the standard deviations more inaccurate than estimates 
based on data from a normal distribution. This happens because the 
occurrence of a few large deviations means that the estimate is pri-
marily influenced by just a few data points. 
For the particular cas e of the three rrtotal rr categories, this 
effect is particularly serious. The sample variation is the total sample 
variation minus the contribution expected from the experimental variation, 
according to the equations of Section 3. The contribution of the experi-
mental variation depends on the number of aliquots per sample. There 
is no way of computing this number for the "total" categories; a value 
of three was assumed. If there were significantly less than three on 
the average, the contribution of the experimental variation to the total 
sample variation will be underestimated and the remaining sample 
variation will consequently be overestimated. This effect occurred and 
can be observed in several "Summary of Results" Tables, e. g. for parts 
No. 2 and No. 21. The sample variation for the aerobic total is much 
larger than is reasonable, considering the values for the individual 
categories. In such cases, where inconsistencies occur, the indiv idual 
category results should be regarded as more reliable. 
For normal distributions, estimates can be made of the 
accuracy of the estimates of the standard deviations. Because of the 
skewed distributions, only qualitative statements can be made. If there 
are N items in a group, and the standard deviation of the distribution of a 
sum is equal to the sum of the squar"es of the standard deviations of the 
distributions of the addends " then the contribution of the individual 
random item variations to the variation in the group average is 
average = Oindividual/V'N': 
Consequently, the contribution of the experimental variation to the total 
sample variation is about cr/0/3 (3 aliquots) and the contribution of the 
total sample variation to the lot variation is about <lS T O T /5 (25 samples). 
Hence, unless the sample variation is greater than about half the experi-
mental variation, errors in the experimental variation make the estimate 
of the sample variation very inaccurate. The same holds for the estimate 
of the lot variation unless it is greater than about one-fifth of the total 
sample variation. 
The following parts show definite sample variation: 16, 21, 
22, 6, 24, 30 and 31. This is not to say that the others had no such 
variation; it just did not show up significantly over the experimental 
_J 
variation by this particular test. Definite variation between lots on this 
basis occurred for pa:rts 6 and 10. However, the cumulative frequency 
distribution is more sensitive to lot variation, and on these plots, 
significant lot variation can be seen. In some cases, however, separate 
curves were drawn for lots that may not be significantly different. 
5. 3. 3 Relative Burden of Individual Parts 
In the cumulative frequency distribution (Section 4.) data there 
are variations among lots of an individual part as reflected by differing 
slopes of the logarithmic normal plots. Some of these variations are 
what might be expected if similar lots were assayed repeatedly. Varia-
bility within certain parts is great, however. 
Tables 5.2 and 5.3 present data summarizing the relative 
burden at 99 percent cumulative frequency on individual parts and lots 
within parts. In general the burden is low with the exception of part 
Nos. 13, 6 and lots 3, 4, and 5 of part No. 21, lot 2 of part NO.16 and 
lots 2, 4, and 5 of part No. 1. Parts No. 10 and 27 are not included in 
these tables due to very poor washing results; these parts were highly 
contaminated, however, with heavy growth observed on over 90 percent 
of the samples. As noted in Table 5. 1, of the sample components from part 
J:'{o. 6, the mica discs, were eliminated from the assay of lot 3. Thes e 
discs were observed to be heavily contaminated in lots 1 and 2 , while 
the other components of that part were relatively clean. The greatly 
reduced burden in lot 3 correlates well with their removal. 
The heavy burden in lot 2 of part No. 16 is thought to be the 
result of the part itself and not counting or experimental error. How-
ever, the cumulative frequency curve was quite flat and a long extrapo-
lation was necessary to obtain the number of aerobic organisms which 1 
percent of the samples will exceed. 
Part No. 13 shows an extremely high burden for the 1 lot 
assayed-several of the plated parts were completely overgrown (this 
part was assayed before the O. 5 ml aliquots were incorporated in the 
experimental ' procedure) and are not included in the number of samples 
.in the group. As noted in Section 5.4.3, many faint bottom-spreading 
colonies were observed on the aliquot plates and were counted as reliably 
as possible. Regardless of this, the data for this part indicates a number 
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D i odes 6 
Thermistor s 18 
Transformers 19 
Fuses 7 







i n Grouping 
1 
2 
3 , 4 , 5 
1, 2 , 3 
4 
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1 (w ith mica) 
2 (with mica) 
3 (without mica) 
1, 2 , 4 
3 
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13 116 , 000 
Table 5.3 
Summary of Total Aerobic Microbial Burden Which 1 Percent of Samples 








No. of Aerobic 
Part Lot No. No. of Samples Organisms Which 
No. in Group in Group 1% of Samples 
Will Exceed 
24 1 16 66 
28 1 21 28 
30 1 22 66 
31 1 12 50 
8 5 18 34 
26 1 80 16 
(1) Parts No. 27, a silicone, and No. 10, a potting boot, were 
heavily contaminated. Failure of the sonication to wash 
the microorganisms from the samples of these parts pre-
vented quantitative assay. 





5.4 Experimental Observations 
It is felt that attention should be called to this section with particular 
emphasis placed on Section 5.4.2, Washing Technique , for the observations 
made are a reflection of the several experimental procedures employed. 
5.4. 1 Agar Discoloration 
As mentioned in Section 5. 1 discoloration of the agar medium 
was noted in certain parts. Part No. 26 exhibited the most obvious 
discoloration - with continued aerobic incubation at 32 degrees centi-
grade a blue-black color developed and spread to the surrounding agar. 
This phenomena occurred in over 95 percent of the plated samples 
whether the sample was completely covered with agar or partially ex-
pos ed to the air. On the tips of the lead wires of part No. 2 and several 
other electronic parts, small discolorations were observed; both the 
agar and the metal turned dark. This is evidence of a chemical reaction 
between the cut end of the wire and the surrounding medium. These areas 
of discoloration were also noted in part No. 18 at the junction of the lead 
wires and the base of the thermistor case. 
5.4.2 Washing Technique 
Several comments can be made concerning the washing pro-
cedures; the mechanical shaker us ed initially was found to give poor 
cleaning results with ma terials such as contaminated silicone rubber, 
part No. 24. The Branson ultrasonicator, model A- 300, was subsequently 
employed for all washing procedures after 28 December 1966. Two parts, 
Nos. 10 and 27, were observed to have a high biological burden but this 
contamination could not adequately be removed from samples by any of 
the procedures employed. Part No. 27 was washed with mechanical 
shaking and little, if any, of the contamination was removed to the peptone 
water; the plated parts, however, showed overgrowth. 
Part No. 27 was reassayed 24 April 1967; 10 samples were 
washed as outlined in Section 3 with sonication and 10 samples were washed 
with mechanical shaking. Results for both experiments indicate complete 
overgrowth of all samples and little release of the burden into the peptone 
water with either type of washing procedure. Similar results were noted 
for part No. 10 , although the only data available is for washing with ultra-
sonication. Again heavy bacterial growth was observed on the plated 
samples (see Figure 5.4). In this case, growth was observed to originate 
from the interior of the tube-shaped part. 
Thus, effective and efficient cleaning were not obtained for part 
Nos. 10 and 27 (and part No. 24 to a certain extent) using the procedures 
outlined in the report. These results could be dependent on the nature of the 
parts themselves and on the cleaning efficiency of the equipment employed. 
-68-
Figure 5. 4 OVERGROWTH EXH I B!TED BY PART NO. 10 
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5.4.3 Counting Problems for Part No. 13 
Special counting and data recording problems were encountered 
in the assay of part No. 13, which had a very high burden. Growth were 
noted on the bottoms of many of the non-heat - shocked aerobic plates; at 
times it was imposs ible to determine whether this growth had originated 
from one cell or from many small colonies. The data were recorded 
with a minus (-) sign before the number indicating spreading growth. 
Clear- cut distinctions between the separate colonies were difficult to 
determine, however. This part was assayed before the 0.5 rnl aliquots 
were incorporated into the experimental procedure. 
5.4.4 Multi-Component Samples 
Several parts, Nos. 6, 28, and 30, consisted of multi-component 
samples and required special handling and plating techniques. Each 
sample of part No.6 consisted of 5 components, including a bolt (see 
Figure 3. 1) too large to fit completely in a standard Falcon Petri dish. 
The five component parts were washed together for each sample and, 
.for lot 1, were all plated in the same dish which was taped closed. For 
the remainder of the lots, the bolt was plated separately in a deep 
(2.5 cm) plastic Petri dish; the other 4 components were plated together 
in a Falcon Petri dish. Data for the piecepart were recorded as a total 
count of growth on all 5 components of each sample. Part Nos. 28 and 
30 were received as liquids; a liquid base material and a catalyst were 
included in each part. The two components for each part were mixed 
in the laboratory as outlined in Section 5.4. 5. 
5.4.5 Special Handling Procedures 
Certain parts assayed required special handling in the labora-
tory prior to placing in bottles for washing. Part Nos. 31 and 8 were 
received in long rolls and were cut into approximately 1 inch pieces w ith 
sterile scissors; parts Nos. 24 and 26 were received in 16 x 18 inch 
sheets - No. 24 was cut into square pieces with sterile scissors and 
No. 28 was cut with wire clippers previously soaked in Cidex and rinsed 
in sterile distilled water. Part Nos. 28 and 30 were received as liquids 
and had to be hardened into assayable material in the laboratory. One 
can of Part No. 28 was mixed with its catalyst with a sterile tongue 
depressor and spread onto sterile paper strips ; the material was allowed 
to harden 48 hours and the strips were then cut aseptically into 1 inch 
pieces at the time of assay. Part No. 30 was mixed in a similar fashion; 
the liquid w a s then poured into a sterile stainless steel tray and a ll ow e d 
to harden 68 hours . The material, approximately 1/4 inch thick, w a s Cllt 
into 3/4 inch pieces with sterile scissors and assayed immediately. 
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5.4.6 Maintenance of Anaerobic Conditions 
Difficulty in establishing and maintaining anaerobic conditions 
were encountered periodically' during the experimental portion of this 
study. Small cracks and splinters around the rim of the Anaero-Jars 
would result in excessive oxygen leakage and unacceptable data. Many 
attempts were made to correct this problem but leakage continued to 
occur in a small percentage of the jars; thus, partial anaerobic data 
are presented for many of the parts assayed and no anaerobic data are 
presented for part No.8. 
5.4.7 The Assay of Oversized Parts 
Two of the assayed parts consisted of samples that were too 
large to fit into the standard glass or plastic bottle used. All com-
ponents of the samples of part No. 6 were assayed in wide mouthed glass 
jars (100 ml capacity) containing 65 ml sterile peptone water. The same 
wide mouthed-jars were used for part No. 13 which would not fit into the 
standard bottle. In both cases special care was taken to avoid accidental 
air contamination although the wide ·mouth jars increase the probability 
of such contamination occurring; in controls assayed, few if any colonies 




6. 1 Recommendations for Procedural Improvements 
Experience in the cours e of this study indicates that further research 
should be conducted in order to determine the most effective method for the 
removal of microbes from parts and materials; i. e., ultrasonication, 
mechanical shaking, or others. For any procedure, optimal condictions such 
as length of cleaning time as well as temperature of the medium employed 
need to be more clearly established. With ultrasonication, in particular, 
factors such as the optimal distance between the source of the ultrasonic 
waves and the samples must be established. Experience in this investiga-
tion indicates the great importance of this variable. The non- uniformity of 
the cleaning action within the bath greatly affects the outcome of the cleaning 
process. It is recommended that experiments to resolve these questions be 
performed. 
Also, more effective methods of bactericidal and bacteriostatic moni-
toring should be developed. The utilization of a broad spectrum of bacterial 
types rather than one genus of bacilli would help provide more meaningful 
data. 
In addition to the above, a more reliable method of obtaining and main-
taining anaerobic conditions is needed. The glass jars employed were less 
than satisfactory and led to experimental problems and incomplete data. 
Larger metal containers or reliable anaerobic incubators are suggested as 
possible methods for eliminating these problems. 
6.2 Recommendations for Future Experimental Investigation 
It is recommended that the following areas of investigation be included 
in future microbiological assays of parts. Such a continuation of effort would 
provide valuable new data and answer some of the questions raised in the 
present study. 
The assay of parts and materials should be continued incorporating cer-
tain procedural improvements and utilizing an increased variety of part types. 
The final goal would be to establish those classes of components which have 
a high biological burden and those classes that have a low burden. With the 
completion of this task an attempt should be made to determine the actual 
manufacturing processes that contribute to the amount of burden on each part. 
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In the case of a contaminated part, assays should be made on selected sa mples 
drawn from various manufacturing steps to determine the individual pr ocedure(s) 
responsible for the high burden. 
The identification of microbial types found on contaminated parts and 
materials should be carried out and the heat resistance of each type determined. 
Such data would aid in the development of dry heat sterilization cycles b ased 
on the most heat resistant organisms. 
Us ing the data obtained from the monitoring of manufacturing procedures, 
qualification specifications for the manufacturing of parts to be us ed for 
assembly of low biologically burdened spacecraft could be prepared. T hese 
specifications would insure that the sterilization requirements for the individual 
pieceparts as well as the assembled spacecraft would be the minimum possible. 
A recommended and revised procedure for large-scale bioassay of parts should 
b e w ritt en, based on experience obtained in the present st udy, and i m p rove-
ments outlined in Section 6 . 1 of this report. Also, possible changes should be 
initiated in growth media and temperature of incubation in order to assay a 




a) The microbiological burdens on piecepart surfaces were a reflection of 
the surface's chemical c omposition , finiah , area and mode of fabrication. 
b) A ratio of 50:1 , aerobic v egetative cells to aerobic spores, was generally 
observed in the microbial populations obtained by culture. At this time it is 
not known whether this is a "real life" situation , or just a statistical phenomenon. 
c) For certain of the pieceparts or materials examined, the ultrasonication 
or shaking technique was found to be an ineffective means of removing surface 
microorganisms. This mi ght be due to the shape, finish and/ or chemical com-
pOSition of the surface. 
d) The polymeric materials assayed appeared to have a higher biological 
burden than the electronic pieceparts. Here again , surface finish and com-
position plus mode of fabrication could be the responsible factor or factors. 
e) A log normal distribution was found to be a good approximation to the 
biological burden (for those cases where meaningful data were obtained). This 
distribution does not allow for the probability that a zero count occurs. There 
is, however a finite pr obability that a zero count would be recorded. At non-
zero counts the probability of occurrence, as described by the log. normal dis-
tribution, is a closer representation of the true situation. 
f) The statistical analyses have shown that high counts occur with large 
variations in the data. Consequently, the mean value of a high count is primarily 
qualitative, indicating only a high level of burden rather than a discrete estimate 
of the count. The low counts are associated with small variations and represent 
high confidence estimates of the actual burden. 
g) The mean values indicate a greater tendency ·to high burdens for aerobic 
organisms and aerobic spores than the anaerobic categories. Since low burdens 
have smaller variability, the anaerobic counts would appear to have greater 
statistical significance but the biological aspects of aerobic and anaerobic tech-
niques must be examined before a general conclusion can be reached. 
h) In assaying non-handled parts the lot-to-lot variability is small compared 
to the means and experimental and sample RMS. This suggests that future 
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SUMMARY OF RESULTS FOR PART 2 
SOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA 0.65 8.67 0.0 3.11 0.0 0.42 
I BACTERIA (SPO RES ) 1.46 65.00 0.0 12.14 0.0 0.0 
<Xl FUNG I 0.09 4.33 0.0 1.09 0.0 0.05 <Xl 
I FUNGAL SPORES 0.0 0.0 0.0 0.0 0.0 0.0 
PIEC E PART 0 .35 10.00 0.0 0.0 i.30 0.0 
TOT AL AERO B I C 2.55 6<;.33 0 .0 12.58 3.48 1.74 
ANAE RUB IC 
BACTERIA C.46 8.67 0.0 2.95 0.36 0.29 
BACT ER IA (SP ORES ) C.23 4.33 0.0 1.79 0.0 0.0 
FUNGI 0 .0 0.0 0.0 0.0 0.0 0.0 
FUNG AL SPURE S 0 .0 0.0 0.0 0.0 0.0 0.0 
TOTAL ANA EROB I C C.70 8.67 0.0 3.46 0.79 0.0 
TCTAL ORGAN IS MS 3 .25 13.67 0.0 13.05 0.0 0.0 
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Figure 2. 2-3 PIECEPART NO. 2 
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Figure 2. 2-4 P IECEPA RT NO. 2 
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Figure 2.2-6 PIECEPART NO.2 
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CUMULATIVE FREQUENCY DISTRIBUTION 
PART NO.2 
TOTAL AEROBIC 
o LOTS 1 AND 5 COMBINED 
+ LOT 2 
A LOTS 3 AND 4 COMBINED 
L I, I 
I 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO.2 
Part-Overlay Assay Millipore-Negative Plate Assay 
Sample Control Sample 
Plates Plates Plates 
Number of 
Samples Tested 3 3 10 
Range of 
Bacterial Counts 97-101 94-106 65-92 
Median 101 94 87 
Mean 99.6 98.0 82 .7 
Note: (1) Bacillus subtilis var. niger spores were used in these assays. 
(2) The part-overlay data are from lot No. 1 of Part No.2; 
the Millipore- negative plate data are from lot No.4. Similar 
data are on hand for each of lots 1 , 2, 3, 4 - it is felt that the 
above is a good repres entation of all the data. 
(3) Observations: No observable inhibition by part No . 2. 












, BACTE RIA ( SPORES ) 
-.0 FUNG I 
-J 
, FUNGAL SPOR ES 
PIECE PA RT 
TOTAL AEROB I C 
ANAEK0 8 IC 
BACT ER IA 
BACTE KIA ( SPURES ) 
FUNG I 
FUNGAL SP OKES 
TOTAL ANAERO BI C 
TOTAL OR GANI SMS 
-' 1 
SUMMA RY OF KE~Ul T S FUK PAR T 3 
AVER AG E HIGH l OW RMS VA RIATI ONS 
EXPT. SAMPL ES 
8 79 1.66 117 000 . 00 0 .0 11 8 17. 3 2 206 57.59 
36 .5 8 72 8. 00 0 .0 131.25 7 2 .19 
1.17 91. 00 0 . 0 6 .23 8 .48 
0 .55 2 1.67 0 .0 2.32 2 . 2 1 
26.53 78 0.00 0.0 0 .0 80.98 
88 1S. 3 6 1171 00 . 00 0 . 0 11 8 17.32 22261.5 3 
1361.12 156GO.00 0 . 0 109 .56 3636 . 3 1 
IS.50 1 9 . 50 19 .50 27.58 0 . 0 
0. 0 0 . 0 0 . 0 0. 0 0 .0 
0 . 0 0 .0 0.0 0.0 0 . 0 
136 1 . 12 156 0 0. 0 0 0 .0 109.56 3871. 34 
10 HlC.4 8 83 61. 00 8 .67 11 8 17. 83 0 . 0 
Figure 3. 1 SUMMARY OF RESULTS FOR PART 3 
LOTS 
903 2 . 37 
0 . 0 
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SUMMARY OF RESULTS FOR PART 
SOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTER IA 12160.86 108810.00 0.0 4808.87 20939.00 12021.38 
BACTERIA (SPORES) 9.87 99.67 0.0 28.55 4.85 0.67 
I FUNGI 0.32 13.00 0.0 2.78 0.0 0.07 
...0 FUNGAL SPORES 0.97 30 . 33 0.0 6.88 1.36 0.0 OJ 
I PIECE PART 22.69 199.00 0.0 0.0 36.04 14.85 
TOTAL AEROBIC 12783.86 109009.00 0.0 4808.87 26097.18 12658.77 
ANAEROBIC 
BACTER IA 2001.51 45500.00 0.0 885.05 4813.21 4401.64 
BACTERIA (SPORES) 249.21 33013.50 0.0 745.66 2832.74 0.0 
FUNGI 0.14 8.67 0.0 1.10 0.78 0.0 
FUNGAL SPORES 0.05 4.33 0.0 0.78 0.0 0.0 
TOTAL ANAEROBIC 2001.71 45500.00 0.0 885.05 6388.57 4706.17 
TOTAL ORGANISMS 14785.57 109087.00 0.0 4889.63 24057.15 15858.82 
Figure 4.1 SUMMARY OF RESULTS FOR PART 4 
"110. • 
L _ _______ _______ _ 
-l 
;; • v 
SUMMAR Y OF RESUl f S FOR PAP T 6 
Aerobu; urganisms 
SOURCE t1 VfRt.GE H I GH L OW PMS V A~ J A T IUNS 
E-XPT. S AMP L ES LIlTS 
At'Rf)P I C 




BAC T ER I A ( Sp n~F S I 8 . 0 4 1 4 7. 33 J.'" 1 1 • 48 1 '5 . 62 " . 89 
I FUNG I 7 . 52 7 ~ . ()" ) . 1) 9 . 74 9 . 05 1'. . 9 7 
FUNGA L Sput;E:S ') . 09 8 . 6 7 'l . I) 1. 52 0 . 0 7 f) n 
P I ECF PART 4 . 74 22 . " "'\ ,) . ) f) . 0 4 . 20 "' . '1 
TOT i'l L AEiUJfq C 57 . 6 0 284 . 6 7 O. :) 28 . 69 '), 0 5 1. 77 
AI\IAERUI3 I C 
BAC T ER 1 A J . 1 5 37 . S!) ') . r) 6 .17 4 . 9'\ / . 33 
BAC T ER I A ( SPO~ES ) 2 .17 26 . f)') ') • t"'" 6 . 3 4 1. 85 1. . ')9 
FUNG I (l . Q 0 . 0 1") . f) 0 . 0 0 . n "' . 1' 
FI).'JGA L SP U~F S · 1) . 0 C. O 0 . 0 0 . 0 J . n (', • (l 
TUTAl ANAE f<.Jll l C 3 .1 5 32 . '50 0 . 1) 6 .17 6 . '\A 2 . 3') 
TOT Al ORGAN 1 SMS A () . 75 306 . 33 1. 00 29 . 3 5 ,) . n /, " • "R 
Figure 6.1 SUMMARY OF RESULTS FOR PART 6 
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r-- AEROBIC BACTERIA: AEROBIC BACTERIA- r--
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Figure 6. 2-2 PIECEPART NO. 6 
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Figure 6. 2-4 P IECEPART NO. 6 
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Figure 6.2-5 P IECEPART NO. 6 
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Figure 6.2-6 P IECEPART NO. 6 
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SUMMARY OF RESULTS FOR PART 1 
.sOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA C'. 87 52.00 0.(1 3.92 3.25 0 .0 
...... BACTERIA (SPO RES) 1.37 21.67 0. 0 5.36 0 .71 0 .0 0 FUNGI 0 .35 8.67 0.0 2.37 0.0 O.n -..J 
I FUNGAL SPORES n . 0 '9 4.33 f). I) 1.09 0 .0 IJ.CI 
PI EC E PART '.' .41) 3.00 0.0 0.0 (1.68 0 .0 
TOTAL AEROBI C 3. 0 9 56.33 0 . (\ 7.14 5.65 0.0 
ANAEROBIC 
BACTERIA 0 .48 8.67 0 . 0 2.82 0 .58 0 .16 BACTERIA (SP ORES) 0 .45 8.67 n. r) 2.58 /').37 0.37 
FUNGI f) .0 0.0 0. 0 0 .0 0 . 0 0.0 
FUNGAL SPOR ES 1) .0 0.0 0. 0 0.0 0 . 0 0.0 
TOTAL ANAE ROB IC C.93 8.67 01. 0 3.82 0 .53 0.0 
TOTAL ORGANI SM S 4.02 56.33 ". r) 8.10 5.85 0 .0 
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Figure 7. 2-2 P IECEPART NO. 7 
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TOTAL SAMPLES = 99 
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12 36 60 
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TOTAL SAMPLES = 75 
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SUMMAR Y OF RESU LT S FOR PART 8 
SOURCE AV ERAGE HI GH LCW RMS VARIATIONS 
FXPT. SAMP L ES LOTS 
AE ROB I e 
....... BAC TER IA 0 .7 2 17. 3 3 0 . 0 3 . 06 3 . 09 '1 . 0 
....... BACTER IA ( SPORES ) 0 . 69 8 . 6 7 0 . 0 3 .68 0 . 0 0 . 0 -J 
I FUNGI 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
FUNGAL SPORES 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
PIECE PART 0 . 05 1. 00 0 . 0 0 . 0 0 . 23 O. 
TOTA L AEROBIC 1. 47 17.33 0 . 0 4 .79 3.85 0 . 0 
ANAEROB IC 
BACTER IA 0 .0 0 .0 0 . 0 0 . 0 0 .0 O. n 
BAC TER IA ( SPORES ' 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
FU NG I 0 . 0 0.0 O. V 0.0 0 . 0 0 . 0 
FUNGAL S PORES 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
TOTAL ANAEROB I C 0 .0 0 . 0 a . 0 0 .0 G.O D. I) 
TO TAL ORG AN I SMS 1.47 0 .0 0 . 0 4.79 0 . 0 0 . 0 
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Figure 8.2-1 PIECEPARTNO.8 
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Figure 8. 2-2 PIECEPART NO.8 
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Figure 8. 2-3 P IECEPART NO. 8 
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Note: (l) Different spor e d ilution series were used for each of the t w o as says. 
(2 ) Bacillus subtilis, var . n i ger spor es were u sed in the s e a s says , 
(3 ) Observations: No inhib ition app aren t in either test .. 








SUMMARY OF RESlJLT3 FOR" p-ARr 9 





BACTERIA 1555.15 52953.33 
BACTERIA ($POPFSI 15.12 L90.67 
FUNG,I 0.44 8.61 
FUNGAL .sPO I<tC5 \,;~ U u. u 
PIECE PART 157.52 6000.00 
< 
TOTAL AEROBIC 1713.11 45520.00 
ANAEROBIC 
a-A'CiCR IA ~. 112 221. 00 
BACTERIA ( SPOKES) 26.28 1157.00 
FaNG r --- 0.0 -0.0 
FUNGAL SPORES 0.0 0.0 
TOTAL ANAEROBIC S.82 221.00 
IOTAL ORGANISMS 1722.93 6052.00 
------








- O.~ · D.e-
0.0 0.0 
- '()-;O '().'O 































SUMMARY Of RESULTS fOR PART 10 
SOURCE AVERAGE HIGH LOW RMS IIARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA 235905.25 1560000.00 86.67 139991.68 265553.24 266511.36 
BACTERIA (SPORES) 244.79 4203.33 0.0 578.01 419.89 0.0 
I FUNG I 16.09 260.00 0.0 49.91 24.05 12.92 
...... 
N FUNGAL SPORES 14.59 303.33 0.0 54.95 35.68 1B.99 
"'" 
PI EeE PART 341.16 6180.00 1.00 0.0 1042.46 368.29 I 
TOT AL AEROB I C 236528.47 1560471.33 87.67 139992.90 277107.88 273089.57 
ANAERO B I C 
BACTER I A 62160.00 1677000.00 0.0 56145.89 144109.24 8419.12 
BACTERIA (SPOKES) 413.33 25870.00 0.0 561.26 2144.46 476.17 
FUNGI 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORES 0.65 43.33 0.0 9.86 0.0 0.0 
TOTAL ANAEROBIC 62573.98 1678040.00 0.0 56148.70 204354.20 0.0 
TOT AL ORGAN ISMS 299102.45 2276368.33 221.67 150833.31 457031.24 224399.92 










BAC TER IA ( SPOKES I 
FUIliG I 
FUNGAL SP ORES 
PI ECE PART 
TOT AL AtRUBIC 
ANA EROB IC 
BAC TeRIA 
BAC TeR IA ( SPURES I 
FUNG 1 
FUNGAL SPO RES 
TOT AL ANAER OB I C 
TOTAL URGAN I SMS 
SU~MARY OF RESULTS FOR PART i n 
AVi:RAGc HIGH LCh RMS VARI ATI ON S 
EXPT. SAMPLES LOTS 
2E .27 2 C6 . 01J lO • ,) 25 .7 8 27.16 1 5 . 55 
3 . 2 0 13. lJU 0 . 0 6 .3 5 1.34 J . C 
it.58 3<;. 00 ' 1 • l) 11. 2 1 3 .7 2 3 .11 
r • J U.U ') . 0 0 . 0 J . O J. 1 
3 . ,)) 15. 1J0 n. ) d . l. \ 6 .1 6 J . ) 
3 s . G 6 228.5 0 4.3 3 28.82 75. J 8 68.b7 
; . cl l 26 . 00 o.n 7. 68 2 .46 3 .13 
C.65 13 • .;U 0 . 0 2 . 92 1. 7 9 "I " • ;.J 
. Q 0 . 0 \.i . 1I u . o ) . 0 IJ . I) 
': • rJ J . 'J 0 . 0 0 . 0 ) . 0 J . tJ 
it.46 26 . 00 (l . O 8 . 22 3 . 95 3 .17 
43.52 24 1. 5u 4.33 29 . 9 7 11 5 .7 0 28.86 

























TOTAL SAMPLES = 48 
AEROBIC BACTERIA-SPORES 
TOTAL SAMPLES = 48 
01 t=r-, r=1 
o 80 160 240 0 8 16 24 
40 120 200 NUMBER OF ORGANISMS 4 12 20 
87- 3478 



























L~~_~ ______ _ 
AEROBIC FUNG I AEROBIC FUNGI-SPORES 









n r-\ ~ 
-1 1 ~ -1 J 
o 16 32 48 
8 24 40 NUMBER OF ORGANISMS o 8 ~ 24 4 12 20 
Figure lOb. 2-2 P IECEPART NO. 10 
































ANAEROBIC BACTERIA ANAEROBIC BACTERIA-SPORES 











1 _I h r-L I 1 
o 8 16 24 32 40 42 NU~.1BER OF ORGANiSMS o 8 16 24 4 12 20 



































TOTAL SAMPLES = 35 
r--
I I I I I 
o 8 16 24 
4 12 20 
ANAEROBIC FUNGI-SPORES 
NUMBER OF ORGANISMS 
Figure lOb . 2-4 P IECEPART NO. 10 











































TOTAL SAMPLES = 6 
TOTAl ANAEROBIC 
TOTAL SAMPLES = 35 
OIL ____ ~~~~~~ __ L_~ ________________ _...lL_ ________________ ~~ __ L_~~ __ ~~ __ __J 
o 80 160 c .. u o 16 32 48 
40 120 200 NUMBER OF ORGANISMS 8 24 40 
























TOTAL SAMPLES = 6 
r--
I r--l -.l J 
o 8 16 24 
4 12 20 NUMBER OF ORGANISMS 










n I I 
o 88 176 264 





BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 10 
Part-Ov erlay Assay Millipore-Negative Plate Assay 
Number of 
Samples Tested 
Rang e of 



























Note : (!) D ifferent spore d ilution series were u s e d for eac h of the two a ssays . 
(2 ) B acill us sub tilis var . niger s p ores were us e d in t h e s e a ssay s . 
(3 ) Observations: No inhib ition apparent in either test. 




SLMMARY OF K~~ULTS FCK PART 11 
SCURCE: AVeRAGE HIGH LOv. RMS VAR I ATIONS 
EXPT. SAMPLES LOTS I 
AE ROB IC 
'I 
BACTER IA 6737 . 17 i.1 7f)O J . tJtJ 0 . 0 110 1.1 0 21157.30 975 1. 8 3 
BACTER I A ( SP OkE S ) 335 . 6 7 164 75. 33 0 . 0 683 . 24 2 135 . 09 557 . Jl 
...... FUNG I 6 7.17 65 0u . lJtJ n. o ':>.84 657 . BO 0 . 0 w FU'-"GA L SP ORES 0 . 0 V. O 0 . 0 n. v 0 . 0 0 . 0 W 
I PIECE PART 3 7.1 3 840 . 0U 0 . 0 0 . 0 115.32 28 . 35 
TOT AL AE ROB I C 7177.14 11 7322.00 0 . 0 1295 . 8 7 23 0 56 .16 1110'1 . 23 
ANAE: RUB IC 
El ACT EKI A 651( .1 9 1 30GOG . uo 0 . 0 4t1.98 237 08 .6 6 14 335 . 8<; 
tlACTtR IA ( SPORE S) 10'0.53 10 53 0. 00 D. J 106 . 81 1062. 0 9 84 . 83 
FUNGI C. U 0 . 0 0 . 0 V. O 0 . 0 0 . 0 
FUNGAL SPO RE S C. O V. O 0 . 0 0 . 0 0 . 0 O. J 
TOTAL ANAEROd I C 66 1S.72 130 013.0u a.v 117. 51 31 0tJ8 . 93 16382 . 66 
TOTAL ORGAN I SMS 13796 . 86 24 7335 . 00 i) . a 1301.1t1 41677 . 80 2 1959 . 81 
Figure 11.1 SUMMARY OF RESULTS FOR PART 11 
SUMMARY OF RESULTS FOR PART 12 
LOW RM S V AR I AT ION S 
EXPT. SAMPLES 
HIGH AVERAGE SOURCE 
tOTS 
AE ROB IC 
RAC T ER IA 1.23 4.33 0.0 4.01 0.0 0.0 
I-' 
BACTERIA (SP ORES ) 1.60 13.00 0.0 4.60 1.47 0. 0 
VJ FU NG I 0.3'5 4.33 ('l.0 2.12 0.0 0.0 
"'- FUNGAL SPORES 0.0 0.0 0 .0 0.0 0.0 0.0 I 
PI EC E PART 0 .14 1.00 0.0 0.0 0 .35 0.0 
TOTAL AER OB IC 3 .32 8.67 0.0 6.46 0 . 0 0.0 
ANAE ROB IC 
BAC TER IA 0.52 4.33 0.0 2.60 0.0 0.0 
BACTER IA ( SPORES ) 0.17 4.33 0.0 1.50 0.0 0. 0 
FUNGI 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORES 0.0 0.0 0 . 0 o.n 0.0 0.0 
TOT AL ANAER OB IC 0 .6 9 4.33 0 .0 3.00 0.0 0.0 
TOTAL ORG ANI SMS 4.01 8 .67 0.0 7.1 2 0 . 0 0.0 























TOTAL SAMPLE = 25 
r---
~ 
I 1 I 
o 8 16 24 














NUMBER OF ORGANISMS 
Figure 12.2-1 PIECEPART NO. 12 
AEROBIC BACTERIA - SPORES 




o 8 16 24 


























l, , I I 
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ILl I I o 
o 8 16 24 
20 
16 2 4 
20 
o 8 
4 12 12 4 
87-2074 
NUMBER OF ORGANISMS 





































I I I I 
16 24 
12. 20 
ANAEROBIC BACTERIA - SPORES 












NUMBER OF SAMPLES 
Figure 12. 2-3 PIECEPART NO. 12 
w--
hi I I I 
o 8 16 24 
























TOTAL SAMPLE = 25 
o 8 16 24 











ANAEROBIC FUNGI - SPORES 
TOTAL SAMPLE = 25 
o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 


























TOTAL SAMPLES = 25 
o 8 16 24 
4 12 20 
TOTAL ANAEROBIC 
TOTAL SAMPLE = 25 
-- ----- -
NUMBER OF ORGANISMS 
Figure 12.2-5 P IECEPART NO. 12 
o 8 16 24 















TOTAL SAMPLE = 22 
I ...1 --1 ...1 -L 
o 8 16 24 












NUMBER OF ORGANISMS 
Figure 12.2-6 PIECEPART NO. 12 
TOTAL ORGANISMS 
TOTAL SAMPLE = 22 
r--1 
r-
n I ~ -L 




Ln (4 . 33 + Numbe r of Or g a nisms ) 








BACT ERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 12 
25 SAMPLES 
Part-Overlay Assay Millipore-Negative Plate Assay 
Sample Control Sample Control 
Plates Plates Plates Plates 
Number of 
Samples Tested 3 3 7 4 
Range of 
183-214 177-180 84-103 88-95 Bacterial Counts 
Median 183 179 89 88 
Mean 194.3 178.6 90.5 90.2 
-~---- -~-~-
Note: (l) Bacillus subtilis var. niger spores were used in these assays. 
(2) Different dilution series were used for the two assays. 
(3) Observ a tions: No inhibition apparent in either test. 
Figure 12.4 BACTERICIDAL AND BACTERIOSTATIC CHECK, PART NO. 12 
SU~MARY OF RtSULTS FU R PA RT 1) 
SOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT . SAMPLES UH S 
AEROBIC 
....... BACTERIA 3112 . 20 15 8 !H.66 0 . 0 416.04 4977 . 79 0 . 0 
~ BACTERIA ( SP URES ) 2 .17 17.33 0 . 0 4.2 3 "3.39 0 . 0 w 
I FUNG I 9 .45 65.00 0 . 0 9 .1 9 15.9 3 (l . G 
FUN GAL SP ORE S C.O 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 
PIECE PART 1.43 6.00 0 . 0 0 . 0 1.45 0 . 0 
TOTAL AEROBI C 3123.0B 15B 83.66 0 . 0 416.14 42 39 . 36 0 . 0 
ANAEROBIC 
BACTERIA 4( .18 463.67 0 . 0 53.25 103.13 O ~ C 
BACTERIA ( SPOK ES ) ( .27 4.33 0 . 0 1. 88 0 . 0 0 . 0 
FUNG I C.O 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
FUNGAL SPORES C. O 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
TOT AL ANAER OB IC 4 C.IB 463.67 0 . 0 53 . 25 104 . 8 1 0 . 0 
TOTAL URGANISMS 316 3.26 15901.00 0 . 0 419.53 4837.27 f) . O 


































55281 110561 16584 
2764 8292 13820 






I ! n 
0 8 16 
4 12 20 
NUMBER OF ORGANISMS 
































o 24 48 72 






NUMBER OF ORGA.NISMS 
Figure 13. 2-2 P IECEPART NO. 13 
AEROBIC FUNGI- SPORES 
TOTAL SAMPLES=22 
o 8 16 24 





























TOTAL SAMPLES= 19 
o 162 336 804 








TOTAL SAMPLES =16 
o 8 16 24 
NUMBER OF ORGANISMS 4 12 20 




ANAEROBIC FUNGI ANAEROBIC FUNGI-SPORES 
1 U IAL :>AM t"'Lt.:> = 1::1 fOTAl SAMPlES=16 































o 8 16 24 0 8 16 24 
4 12 20 4 12 20 
87-1065 NUMBER OF ORGAN ISMS 
Figure 13.2-4 P IECEPART NO. 13 
l 
\ 





























---- -- -- -- -- ---- -~--- - ---
TOTAL AEROBIC TOTAL ANAEROBIC 




Jl n I II r----, 
0 55281 110561 16584 0 168 336 504 
2764 8292 13820 
NUMBEROF ORGANISMS 84 252 420 
Figure 13.2-5 P IECEPART NO. 13 


























TOTAL SAMP LES = 14 
TOTAL ORGAN ISMS 
TOTAL SAMPLES=II 
o I I I ! I 
o 8 16 24 0 5536 11072 16608 
87 - 1067 
4 12 20 NUMBER OF ORGAN ISMS 2768 8304 13840 
Figure 13.2-6 P IECEPART NO. 13 
. - -- - --
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-t'll: ~ h 
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: j f t 
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I ,+ • 
-. ,II 
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'" r-' - r--r- '~ r-' 1 .--+- CUMULATIVE FREQUENCY DISTRIBUTION 
'" I 1-1---- PART NO. 13 t 1 
I J i , ' -- TOTAL AEROBIC . . !-"'",~ h I ~~:~r~~ ONE LOT ASSAYED :r~ ::. 




















'" H · .- : L - ' . I : t. :=:-+:-771= ~ r-:" - r+ - '- -!: , :' ~I J: l~: '" 
l±rl-;:' tm:ti Iltm~; t:t=1 ±: ~ ftlii'±t;Ill ltl~l :j: lH~tH'-t;l±i'~·; ~'rr 11 ft 'U;ti'i Ir;It1t,-Ht+-Htt~ tiif+tlf+tj~~it+ti~'!  :-W =tt~tl~ :tj' : "''''~ I I I I '11' 1 rr;'+IT ' Glt~lt Il ml !I~IIII~~II~I ~I~ ci 
1i=J:r:- : =:- : ' ~_L J::i:i=l li ~ .~ Number of Organisms ~ Illl: m ~ : 
ITm Ht ~ I I I I I I I I _ j _. I I I I I I I I I I I I '11 I lL I htH I j I L ' ".: H T ci 
o 10 100 10 3 104 10 5 







Ln (4 . 33 + Numbe r of Organisms) 





















SLM~f,R,( CF RESULTS Fell Pf,RT 1~ 
SO LRCE A\/ERf,GE 1-:10, LOW RM S \/AR IA T ION S 
EXPT. SAMPLES LOTS 
IlEROBIC 
BACTERIA 1.54 34.67 0.0 5.66 2.St: 1.08 
BAC TER IA (SP OR E 5) C.74 8.67 0.0 3.20 0.39 c. C 
FUNG I 0.35 4.33 0.0 2.13 0.0 c. C 
...... 0.0 0.0 0.0 0.0 V1 FUNGAL SPORE ~ 0.0 0.0 
...... PIECE PART c. 3 5 3.00 0.0 0.0 O.fit C.ll I 
TOTAL AEROBIC 2.24 35.67 0.0 c.05 it.itS 1. 17 
ANAER08IC 
BAC TER IA C.53 13.00 0.0 3.22 c.c C.33 
BACTER IA ( SPOR E S) C.18 8.67 0.0 1.85 c.o 0.06 
FLNG I 0.0 0.0 0.0 c.c C.C c. C 
FUNGAL SPORE S C.O 0.0 0.0 0.0 c.c c. C 
TOTAL ANAEROBIC 0.53 13.00 0.0 3.22 1.60 C.32 
TOTAL ORGAI'd SI"S 2.77 40.00 0.0 6.85 5. J 1 1.73 






I ~ 60 
-.J 





















TOTAL SAMPLES = 99 
o 16 32 48 







NUMBER OF ORGANISMS 
Figure 14a. 2-1 P IECEPART NO. 14 
AEROBIC BACTERIA - SPORES 
TOTAL SAMPLES = 99 
o 8 16 24 


































TOTAL SAMPLES = 99 
..--
n 
o 8 16 24 







NUMBER OF ORGAN~MS 
Figure 14a. 2-2 P IECEPART NO. 14 
AEROB~ FUNGI-SPORES 
TOTAL SAMPLES = 99 
r--




























TOTAL SAMPLES = 99 
o 8 16 24 
12 20 4 
ANAEROBIC BACTERIA- SPORES 











NUMBER OF ORGANISMS 





























o 8 16 24 
4 12 20 
ANAEROBIC FUNGI - SPORES 









o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 























U1 lL. 0' 0 I 







86 - 11337 
l_ 
TOTAL AEROBIC 
TOTAL SAMPLES = 95 
o 16 32 48 






NUMBER OF ORGANISMS 
Figure 14a _ 2-5 PIECEPART NO. 14 
TOTAL ANAEROBIC 
TOTAL SAMPLES = 99 
o 8 16 24 
























TOTAL SAMPLES = 95 
I 
I 
o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 
Figure 14a. 2-6 PIECEPART NO. 14 
TOTAL ORGANISMS 
TOTAL SAMPLES = 95 
o 16 32 48 
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; I I r 
l . I. ; , ; , 
CUMULATIVE FREQUENCY DISTRIBUTION 
PART NO. 14 
TOT AL AEROBIC 
o LOTS 1 AND 5 COMBINED 
LlLOTS 4 AND 2 COMBINED 
20 50 100 200 
~L~:" t ~1.J I" ' II ' II I ' ! I I II I I I II IIII '! 111'1' ' I ' , 
-
1.5 2.0 2 . 5 3.0 3 .5 4. 0 4. 5 5. 0 5 . 5 
Ln (4 . 33 + Number of Organisms) 






SUMMARY OF RESULTS FOR PART 14 
SOUR(;E AVERAGE HIGH LOW RMS VARUTIONS 
EXPT. SAMPLES lOTS 
A ERDa IC 
BACTER IA 0.18 4.33 0.0 1.53 0 .0 0.0 
BACTER IA (SPORES' 0.52 4.33 0.0 2.60 0.0 0.0 
FUNG I 1.44 34.67 0.0 1.53 7.02 0.0 
...... FUNGAL SPORE S 0.0 0.0 0.0 0.0 0.0 0.0 \Jl 
-.0 PI EC E PART C.33 3.00 0.0 0.0 0.76 0.0 I 
TOTAL AEROBIC 1.96 35.67 0.0 2.17 1.42 0.0 
ANAEROBIC 
BACTERIA 0.11 4.33 0.0 1.50 0.0 0.0 
BACTERIA (SPORES) 0.0 0.0 0.0 0.0 0.0 0.0 
FUNG I c.o 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORES 0.0 0.0 0.0 0.0 0.0 0.0 
TOT AL ANAEROB Ie 0.17 4.33 0.0 1.50 () .91 0.0 
TOTAL ORGANISMS 2.13 35.61 0.0 2.64 7.42 0 .0 





























AEROBIC BACTERIA I AEROBIC BACTERIA 
SPORES 




o 4 8 12 16 2024 0 4 8 12 16 20 24 
NUMBER OF ORGANISMS 
Figure 14b. 2-1 P IECEPART NO. 14 
• 
25 
AEROBIC FUNGI AEROBIC FUNG I 
-
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n o o 8 16 24 32 40 48 o 4 8 12 16 20 24 
NUMBER OF ORGANISMS 
81-326 
Figure 14b. 2-2 P IECEPART NO. 14 
25 
- ANAEROBIC ANAEROBIC 
BACTERIA BACTERIA 
SPORES 























0 4 8 12 16 20 24 0 4 8 12 16 20 24 o 
NUMBER OF ORGANISMS 
87-327 























o 0 4 8 
87-328 
I 
ANAEROBIC FUNGI ANAEROBIC FUNG I 
SPOR ES 
TOTA L SAMPLE = 25 TOTAL SAMPLE= 25 
12 16 20 24 
NUMBER OF ORGAN ISMS 
Fig ure 14b. 2-4 P IECEPART NO. 14 
-- -- -- ----




































o 0 8 
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TOTAL AEROBIC TOTAL 
ANAEROBIC 
TOTAL SAMPLE=23 TOTAL SAMPLE=25 
n n 
16 24 32 4048 0 4 8 12 16 20 24 
NUMBER OF ORGANISMS 
























0 4 8 
.' 
I 
i PfECEPART I TOTAL ORGANISMS r--
TOTAL SAMPLE:24 TOTAL SAMPLE =23 
n 
12 16 20 24 0 8 16 24 32 4048 
NUMBER OF ORGANISMS 






BACT ER I A 
0- BAC TE R IA ( SPOKES ) 
0- FUNG I I 
FUNGAL SPORES 




I3AC TERIA ( SPORFS ) 
FUNG I 
FUN GA L SPllRES 




SU~MARY OF RESULTS FOR PART 15 
AVERAGE HIGH LOW RMS VAR I ATIONS 
EXPT. SAMPLES 
1.96 26.00 0 . 0 7. 28 1.68 
3 .77 195. 00 0 . 0 24.77 13.76 
11 . 0 4 4.33 (I.n 0 .75 ". 'J 
" .13 4.33 0 . 0 1.31 Jo() 
3.8 0 51. ,)&) 0 . 0 f) . O 8. 10 
9 .7 0 195. 0U 0 . 0 25.86 15.83 
(' . 82 13 . 00 f).O 3.93 (J . n 
4.88 357.50 o. n 41.60 19.68 
('i . (1 O. IJ 0 . 0 n.!) 0 . 0 
" . 0 6 6 . 5u n. () (1 .77 () .37 
5 .75 1 '1 . :J V 0 . 1) 41.79 ( I. n 
1 5 .46 63.u0 (l . ( 49.15 (J • •• 
Figure 15.1 SUMMARY OF RESULTS FOR PART 15 
LOTS 
'i . n 
2.55 
1" .'1 2 




9 .53 ) . n 




































AEROBIC BACT ERIA 
TOTAL SAMPLES = 100 
----. 
o 24 48 7 2 












AEROBIC BACTERIA- SPORES 




o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 
Figure 15.2-1 PIECEPARTNO.15 
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20 - I 
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o 4 8 12 16 20 24 
NUMBER OF ORGANISMS 
~ I i"""I 
o 4 8 12 16 20 24 
86 - 10 225 
Figure 15.2-2 P IECEPART NO. 15 
• 
-- -- ----, 
ANAEROBIC BACTERIA ANAEROBIC BACTERIA - SPORES 
100 I 
- I -
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4 8 12 16 20 24 4 12 20 
NUMBER OF ORGANISMS 
86-10226 
Figure 15. 2-3 P IECEPART NO. 15 
L 
1-
ANAEROBIC FUNGI ANAEROBIC FUNGI - SPORES 
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I 

























I o o 8 16 24 
4 12 20 o 4 8 12 16 20 24 NUMBER OF ORGANISMS 
86-10227 


























TOTAL SAMPLES = 100 
o 24 48 72 











TOTAL SAMPLES = 100 
o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 



























TOTAL SAMPLES = 100 
o 8 16 24 
4 12 20 
TOTAL ORGANISMS 
TOTAL SAMPLES = 100 
o 24 48 72 
12 36 60 
NUMB ER OF ORGANISMS 
Figure 15.2-6 PIECEPART NO. 15 
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CPMULATIVE FREQUENCY DISTRIBUTION 
PART NO . 15 
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SUMMARY OF ~ESULTS FOR PART 16 
SOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA 20907./iO 694980.00 0.0 7921.14 56052.59 20599.10 
.... BACTERIA (SPOR~S) 10.07 65.00 0.0 19.80 7.43 4.24 
-...J FUNG I 9.06 169.00 0.0 13.70 23.78 12.05 ~ 
I FUl'IGAL SPORES 0.14 4.33 0.0 1.35 0.0 0.12 
PIECE PART 208.47 4380.00 0.0 0.0 668.85 259.01 
TOTAL AEROBIC 21125.33 695063.31 4.00 7921.15 83157.69 17832.95 
ANAERUBIC 
BACT ERlA 780.51 38220.00 0.0 472.52 2797.80 854.64 
BACTERIA (SPORES) 4.77 56.33 0.0 15.59 5.39 0.0 
FUNG I 0.13 4.33 0.0 1.31 0.0 0.0 
FUNGAL SPO RE S 0.0 0.0 0.0 0.0 0.0 0.0 
TOT AL ANAEIWB Ie 78C.64 38220.00 0.0 472.52 4455.33 490.26 
TOTAL ORGANISMS 21905.<;7 6<;9032.62 10.50 7935.23 85955.94 14748.96 
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TOTAL SAMPLE =99 
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TOTAL SAMPLE =99 
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ANAEROBIC FUNG 1- SPORES 
TOT AL SAMPLE =99 
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TOTAL SAMPLE = 92 
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Figure 16a . 2-6 PJECEPART NO. 16 
TOTAL ORGANISMS 
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SUMMAR Y OF RESU LT S FOR PAR T 16 
SO URr. E AVER AGE HI GH Lew RM S VA R IA T IO NS 
EXP T. SA MPLE S LO TS 
AEROB I C 
BAC TEP. I A 4 . 44 2 12 .'n ') . Cl 9 .80 2 3 . 84 O . (l 
..... 
co RAC TER IA ( SP(lP F S I 1. 59 A9 ~3 3 ),0 13. 60 0 . 0 2 . 65 
..... FUNG I O. n ·1. C' (\ . n 0 . 0 C. O 0 . 0 I 
FU NG AL SPORE'S 'l . G :-l . O .) . 0 0 . 0 0 . 0 11 . 0 
PI ECE PART ':1 . 09 1. 00 0 . 0 0 . 0 0 . 28 0 . !'4 
TOTAL AEROR I C (-, .11 2 13 . 33 n . n 16 .7 6 24 .7 5 0 . ') 
ANA EROB I C 
BACTER IA 0 . 9, 39 . 00 !) . 0 4 . 37 3 . 68 0 . 73 
BACT ER I A ( SPORE S ) 0 . 25 8 . 67 '1 . 0 2. 15 0 . 0 0 . 22 
FUNG I f) . to 0 . 0 0 . 0 0 . 0 0.0 n. n 
FUNGAL SPORE S 0 . ') 0.0 () . 0 0 . 0 0 . 0 O. C 
TO ThL ANAEROB I C lol B 43 . 33 !) . 0 4 . B7 4 . 43 1- 11 
TOTAL ORG AN ! SMS 7. 2 Cl 256 . 6 7 ') . 0 17. 45 29 . 98 n. O 
























TOTAL SAMPLE = 89 
o 80 160 240 
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TOTAL SAMPLE = 89 TOTAL SAMPLE = 89 
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I <t C/) lJ... I ...... 0 j ex:> 0:: I w w i I (IJ I I ~ 4 0 ! :::> ! ! z I t i 
I ! 20 f---- I L 0 1 , I • I 
0 
4 
8 16 24 
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TOTAL SAMPLE = 87 
~ r--I- -I 
o 8 16 24 32 40 48 
-------~--~~-
AEROBIC BACTERIA- SPORES 
TOTAL SAMPLE = 87 
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h--, 
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l ___ _ 
ANAEROBIC FUNGI 
TOTAL SAMPLE=87 
ANAEROBIC FUNGI-- SPORES 
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TOTAL ORGANISMS = 80 
o 80 160 240 
40 120 200 
I 
MUMBER OF ORGANISMS 
TOTAL ANAEROBIC 
TOTAL ORGANISMS =87 
o 16 32 48 
8 24 40 




















TOTAL SAMPLE =80 
o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 
TOTAL ORGANISMS 
TOTAL SAMPLE = 78 
- -
o 96 192 288 
48 144 228 
Figure 16b. 2-6 FREQUENCY HISTOGRAM PART NO. 16 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 16 
Part-Ov erlay Assay 







Median 126 124 
Mean 126.0 125.8 
Note: (1) Bacillus subtilis var. n i ger spores were used in these assays. 
(2) Separate dilution series were used for each of the two assays. 
(3) In the part-overlay assay , colonies were observed g rowing 
directly on the resistor. 
(4) Due to a laboratory accident , the Millipore-Negative Plate 
Assay data was not obtained. 






SUMMARY OF RES ULTS FOR PART 17 
SOURCE AVERAGE HIGH LOW RMS VA RI AT ION S 
EXPT . SAMPL ES L[ ' T <; 
AEROBIC 
BACTER IA 9062 .1 8 244595 . 00 13 . 00 252 . 24 49690.68 ~ . 1 
BACTERIA (SP ORES ) 7.06 34.67 0 .0 13.12 3.42 L • 1 ') 
...... 
-0 FUNGI 3.01 34 . 67 0 . 0 7.51 5 . 80 ?7 A 
0 FUNGAL SPORES 0. 18 4.33 0 . 0 1.57 0.0 o. 'J I 
PIECE PA RT 14.77 74. 00 1. 00 0 . 0 15.5 8 s . '; , 
TOTAL AEROBIC 9079.96 1 003 .33 19 . 00 252.35 0 . 0 l C,"3( 1. 71 
ANAEROBIC 
BACTE R IA 66 .83 372.67 0 . 0 56 .3 0 7 8 . tl5 c.. 2 • .J I) 
BAC TERIA (SP ORES ) 4.45 17.33 0 . 0 8 .46 0 . 0 i' . 1 ") 
FUNGI 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . (\ 
FUNGAL SPORES 0.0 0.0 0.0 0.0 0 . 0 0 ,(' 
TOTAL ANAER OB IC 66 . tU 372.67 ;) . 0 56 . 30 77 .71 55 . 09 
TOTAL ORG ANISMS 9146 .79 1376.00 20 . 00 258 . 55 0 . 0 1 ')123 . 95 
Figure 17.1 SUMMARY OF RESULTS FOR PART 17 
SOURCE 
AEROB I C 
BACTE RIA 
...... BAC TER IA ( SPORES ) 
-.0 
...... FUNG I 
I FUNGA L SPORES 
PI ECE PA RT 
TOTAL AEROB IC 
ANAEROI3 I C 
BACT ER IA 
BACTER IA ( SPORES ) 
FUNG I 
FU NG AL SPORES 
TOTAL ANA EROB I C 
TOTAL OR GANI SMS 
I 
~-
SUMMARY OF RESULTS FOR PART 18 
AVFRAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES 
1.5 3 13. 0U 0 . 0 4.54 1.36 
1.7 " 13. 00 (I . f) 5.16 1.6 1) 
0 .13 4.33 n. '1 1.3() 0 .0 
(' . 09 4.33 O. f) 1.06 0 .0 
(' .5 6 3. 0n C' . o 0 . 0 ') .84 
4. 0 1 1 9 .33 f1 . ('\ 7. 0 7 2.13 
C.87 6.5U o. () 3.36 0 . 0 
C.77 13. 00 0 . 0 3 .08 I) . 0 
('\ . 0 0 .0 0 . 1] 0 .0 IJ . 0 
0 . 0 0. 0 0. () n. o 0 . 0 
1. 6 4 13.00 0 . 0 4.55 1 .52, 
5.65 27.UO 0 . 0 8.41 2.53 
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TOTAL SAMPLES = 100 
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AEROB IC BACTERIA- SPORES 




o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 































TOTAL SAMPLES = 100 
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AEROBIC FUNGI- SPORES 
TOTAL SAMPLES = 100 
o 8 16 24 
4 12 20 
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86 - 10235 
PIECEPART 
TOTAL SAMPLES = 96 
..., 
I I I 
o 8 16 24 
4 12 20 
TOTAL ORGANISMS 
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I I i II I 
2 5 10 20 50 100 200 
~ I I 111 11I 11 11111 ~ 111 11111111111 1111 1 11111 11111 11111 11111 11 I 111 I 11111 11111 11111 11111 11 fl. 11 ~ 
;.5 2.0 2 . 5 3 . 0 3.5 4.0 4.5 5.0 5 . 5 6.0 
Ln (4. 33 + Number of Organisms) 
Figure 18.3 CUMULATIVE FREQUENCY DISTR I BUT ION, PART NO. 18 
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SUMMARY OF RESULTS FOR PART 1 9 
SUURCE AVERAGE HI GH LOW R"1S VARIATIONS 
EXPT. SAMPLES LOTS 
AEROB IC 
BACTERIA C.35 4.33 0 . 0 2. 14 (\ . 0 0 . 0 
BACTERIA (SPURFS) C.36 4.33 0 . 0 2 .11 D. O 0 . 0 
.-
FUNG I o. 17 4.33 0 . 0 1. 50 f' • () 0 . 0 
-.0 FUNGAL SPORE S 0.0 0 .0 0 . 0 0 . 0 n .o 0 . 0 
'" PI EC E PART C.18 1. 00 0 . 0 0 . 0 '),39 0 . 0 I 
TOTAL AER OBIC C.71 4.33 O. r) 2 . 62 1 . tt:l '"l . 0 
ANAERUB Ie 
BACTER IA O. 18 4.3.3 0 . 0 1.51 f) . 1) '"l . r 
BACTERIA (SPORES) (.35 8 .67 0 . '1 1.50 1 • S (' 'J . ') 
FUNG I c.o 0 .0 0 . 0 0 . 0 n . 0 '1 . 0 
FUNGAL SPORES 0 .0 0 . 0 0. 0 o. c (1 . f) 'J . r 
TOTAL ANAERO[3IC C.18 4.33 0. 0 1. 57 ') . 8 1 'J . n 
TrlT AL ORGAN ISMS C.89 4.33 0 .') 3 . 0 ') 1.27 \) . (\ 
Figure 19.1 SUMMARY OF RESULTS FOR PART 19 
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Figure 19.2-2 P IECEPART NO. 19 
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Figure 19.2-4 PIECEPART NO. 19 
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Figure 19.2-6 PIECEPART NO. 19 
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Figure 19.3 CUMULATIVE FREQUENCY DISTRIBUTION, PART NO. 19 
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I tjAC TER I A 
N BAC TER IA ( S~U K I::S ) 0 
-.,J FUNG I I 
FUNGAL SPLlR i:S 
P I I::CI:: PAR T 
TOTAL AEKOd l C 
Ar~ A EROB I C 
BAC T E:R lA 
HACT ER IA ( SPO~E:S J 
FU NG I 
FU NGA L SPORI::S 
TOT Al ANAE~UI:) IC 
TOTAL ORG AN1SMS 
SUMMAR Y OF RES ULTS FOK PAKT 20 
AV ER AGE HI GH LOw 
EX PT. 
1. 79 21 .67 0 . 0 5. 94 
0 . 83 13 . 00 0 . 0 3.54 
0 . 09 4. 33 0 . 0 1. 06 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 8 1 9 . 00 0 . 0 0 . 0 
2 .6 8 22 . 6 7 0 . 0 6 . 03 
1. 4il 17. 33 0 . 0 3 . 8 3 
0 . 36 U. b 7 0 . 0 2.5 0 
0 . 06 't . 33 0 . 0 0 . 88 
0 . 0 0 . 0 0 . 0 0 .0 
1. 54 17. 33 0 . 0 3 .9 3 
4 . 22 2 7. 6 7 0 . 0 7 . 20 
Figure 20.1 SUMMARY OF RESULTS FOR PART 20 
RM S VA R r AT IONS 
SAMPL ES 
0 . 0 
1. 09 
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0 . 0 
1. 2 7 
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6 . 20 
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1 • 1 ~ 
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0 . 0 
0 . 0 
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1. 3[) 
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Figure 20.2-6 P IECEPART NO. 20 
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Figure 20.3 CUMULATIVE FREQUENCY DISTRIBUTION, PART NO. 20 
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SUMM ARY OF kESUL TS F~R PART ~1 
S(URCt: AVERAGE HIGH LCi\ RMS VA RIA TI ONS 
EXPT . SAMPLES LUTS 
IlERC13 IC 
oA(-lER I II '1 . 5 3 65 . 0U 0 . ') 12 .7 8 6 . 88 4.72 
I e ACTER I~ ( S~UKLS ) 3 . 6S -7b. 00 (' . 0 12 .41 5.39 1. 9:; 
N FUNGI C.1 <; E. 67 C' . O 1 . 9 1 0 . 0 0 .0 8 
...... FUNGAL SPOR ES '. . 0 'J . 'J (t . 0 0 .0 0 . 0 0 .0 V1 
I PI ECE PAKT ,: • 9 6 (. JQ 0 . 0 0 . 0 1.27 0 .50 
r CTA L AERlJ13 I C 1 2 . 3 7 7 S. GO (J . iJ 17. 92 10 .11 4.07 
Afl.AEROtl IC 
P.AC TE R I A 2 . S2 '1, . :)3 n. ') 6 .41 12 .64 0.0 
BACT~R IA ( SP ORES ) 2 . 71 33~ • . )0 (, . 0 6 .45 23 .8 2 2 . as 
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Te T AL ANIlER Ot3 I C S .7 e 95 . j3 (1 . 1"1 9 .1 5 12 . 6 1 0 . 0 
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Figure 21. 2-5 PIECEPART NO. 21 
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SU~MARY CF ~ESULTS FOR P~RT 22 
SOURCE A'vEKAGE HIGH LOW RHS VAR lATIONS 
EXP T. SAMPLE S LOTS 
AEROBIC 
I BAC TER IA 3.41 182.00 0.0 6.53 18.09 0.0 N 
N BACTER IA (SPORES) C.71 13.00 0.0 3.47 0.34 0.04 
vu FUNG I 0.22 4.33 0.0 1.69 0.0 0.06 I 
FUNGAL SPORE 5 0.04 4.33 0.0 0.76 0.0 0.03 
PIECE PART 0.24 3.00 0.0 0.0 0.51 C.12 
TOTAL AEROBIC 3.88 185.00 0.0 6.75 18.90 O. C 
ANAEROB IC 
BAC TER (A 1.17 43.33 0.0 3.58 4.56 c. C 
BAC TER (A (SPORES) 0.65 13.00 0.0 2.80 1.26 0.0 
FUNG I 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORE S 0.0 0.0 0.0 0.0 0.0 G.O 
TOTAL ANAEROBIC 1.17 43.33 0.0 3.58 4.79 0.0 
TOTAL ORGANISMS 5.05 228.33 0.0 7.64 24.72 0.0 
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Figure 22. 2-6 Piecepart No. 22 
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SUMMARY OF RESULTS FOR PART 23 
SOURCE AVERAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA 8990.71 49920.00 13.00 2385.55 14365.01 0.0 
BACTERIA (SPORES) 13.76 86.67 0.0 23.71 18.65 5.24 
I FUNG I 1.04 8.67 0.0 4.75 0.0 0.91 N 
LV FUNGAL SPORES 0.0 0.0 0.0 0.0 0.0 0.0 
...... PIECE PART 59.76 246.00 3.00 0.0 65.42 ~6. 6'9 I 
TOTAL AEROBI C 9051.51 50060.00 22.33 2385.55 15828.18 3577.62 
ANAEROBIC 
BACTERIA 4018.30 45413.33 0.0 1632.89 9714.58 5589.41 
BACTERIA (SPORES) 27.46 420.33 0.0 73.98 72.78 6.29 
FUNGI 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORES 0.0 0.0 0.0 0.0 0.0 0.0 
TOT AL ANAEROB I C 4018.30 45413 .33 0.0 1632.89 7771.75 6859.48 
TOTAL ORGANISMS 13069.80 90580.31 37.33 2890.88 20130 .29 7985.85 
Figure 23.1 SUMMARY OF RESULTS FOR PART 23 
I 
SUMMARY OF RESULTS F OR PART 24 
SOURCE AVERAGE HIGH LGw RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROBIC 
BACTERIA 14.7 2 16 0 .33 0 . 0 16.12 32 .33 0 . 0 
BACTERIA ( SPOkES ) 1. 46 13.67 0 . 0 4.9.0 0 . 0 0 . '.1 
FUNG I 3 . 39 58.50 0 . 0 5.87 9 .5 2 0 . 0 
I FUNGAL SPORES C.O li . O 0 . 0 0.0 0 . 0 0 . 0 
N PIECE PA RT 0 . 88 3. 00 0 . 0 0 . 0 0 . 96 0 . 0 w 
N 
I TOTAL AEROB I C 2C .45 88.67 0 .0 17.84 19 .10 1) . 0 
ANAER OB IC 
BACTER I II 2 .60 8.67 0.0 9.49 0 . 0 0 . 0 
BACT ER IA ( SPOKES ) C. Bl 6.5 0 0 . 0 3.47 0 . 0 0 . 0 
FUNGI 0.0 0 .0 0 . 0 0 .0 0 . 0 O. v 
FUNGAL SPOReS 0.0 0 .0 0 . 0 U.O Q .0 0 . 0 
TOTAL ANAEROBIC 3 .41 8.67 0.0 10 .11 0.0 0 . 0 
TOTAL ORGAN I SMS 23 . 86 88.67 0 . 0 20-. 51 38.66 0 . 0 
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Figure 24.2-1 PIECEPARTNO. 24 
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Figure 24.2-3 PIECEPART NO. 24 
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Figure 24.2-5 P IECEPART NO. 24 
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PART NO . 24 
.. ~~ 
-, . TOT A L AEROBIC 
. ~ I , f 
' Il"'''r- ONE LOT OF 25 SAMPLES ASSA YED 
ftr /1 
I I I 
~-=; ru 
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, , 1 
T' 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 24 











Samples Tested 3 3 
Range of 
Bacterial Counts 83-111 89-107 
Median 110 91 
Mean 101. 3 95.6 
Note: (1) Bacillus subtilis var. niger spores were used in these assays. 
(2) There a re no data f or the Milli pore-Negativ e Pla t e Assay a s the pla tes 
were inadv ertently discarded. 
(3) Observ ations : There was no observable inhibition in the part ov erlay 
assay. The parts themselves were quite contaminated initially (see 
data for No. 24). Thus it is predicted that there would be no inhibiting 
substances in the diluent peptone water although thi s assay was not 
carried out. 




SUMMARY OF RESULTS FOR PART 26 
SOURcE AVERAGE HIGH Lew RMS VARIATIONS 
EXPT. SAMPLES LOTS 
AEROB IC 
BACTER IA 1.63 34.67 0.0 7.65 0.0 0.0 
BACTERIA (SPORES) 0.53 8.67 0.0 3.07 0.0 O.C 
I FUNG I 0.39 4.33 0.0 2.24 0.0 0.0 N 
~ FUNGAL SPORES 0.10 4.33 0.0 1.12 0.0 0.0 
..... PIECE PART 1.07 76.00 0.0 0.0 8.45 0.0 I 
TOTAL AEROBIC 3.72 34.67 0.0 8.61 0.0 0.0 
ANAEROBIC 
BACTERIA 0.10 4.33 0.0 1.17 0.0 0.0 
BACTERIA (SPORES) 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGI 0.0 0.0 0.0 0.0 0.0 0.0 
FUNGAL SPORES 0.0 0.0 0.0 0.0 0.0 0.0 
TOTAL ANAEROBIC 0.10 4.33 0 .0 1.17 0.0 0.0 
TOTAL ORGANISMS 3.82 8.67 0.0 8.69 0.0 0.0 





















-, .1 .-- J 
o 16 32 48 
8 24 40 












o 8 16 24 
4 12 20 
NUMBER OF ORGANISMS 
Figure 26. 2-1 PIECEPARTNO. 26 
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Figure 26. 2-3 P IECEPART NO. 26 
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Figure 26. 2-6 P IECEPART NO. 26 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 






















9 1. 5 97.0 
91. 1 97.6 





91. 0 105 
95 . 7 96.2 
Note: (1) The four series, A , B, C, D, were assayed with differing dilution 
series. The only v alid comparisons are within each series; i. e . , 
series A samples compared to series A controls. The different series 
are included only to present data from different days of assaying, and 
to point out that inhibition in the piecepart-overlay assay was a general 
occurrence. 
(2) Bacillus subtilis var. niger spores were used in these assays. 
(3) Observations: Limited inhibition was noted in the piecepart overlay 
assay but no inhibition was evident in the Millipore-negative plate assay. 
(A photograph illustrating this inhibition is included in this report.) It 
seems that the actual presence of the copper laminate material is the 
cause of inhibition, perhaps due to the production of copper ion . 
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Figure 27. 1 SUMMARY OF RESULTS FOR PART 27 
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SUMMARY OF RESULTS fOR PART 28 
SOURCE AVERAGE HIGH lOW RMS VAR lATIONS 
EXPT. SAMPLES lOTS 
AEROBIC 
BACTER IA 3.11 52.00 0.0 10 .27 C1.0C1 0.0 
I BACTERIA (SPORES) 0.90 B.67 0.0 2.65 2.04 0.0 N 
U1 FUNG I 0.0 0.0 0.0 0.0 0.0 0.0 
--.) 
I FUNGAL SPORE S 0.0 0.0 0.0 0.0 0.0 O.C 
PIECE PART 0.52 4.00 0.0 0.0 0.93 0.0 
TOTAL AEROBIC 4.54 53.00 0.0 10.61 C1.86 0.0 
ANAEROBIC 
BACTER IA 0.0 0.0 0.0 0.0 0.0 0.0 
BACTERIA (SPORES) 0.0 0.0 0.0 0.0 0.0 0.0 
fUNG I 0.0 0.0 0.0 0.0 0'.0 0.0 
FUNGAL SPORE S 0.0 O~O 0.0 0.0 0.0 0.0 
TOTAL ANAEROB IC 0.0 0.0 0.0 0.0 C.O 0.0 
TOTAL ORGAN I SM S 4.54 5.33 . 0.0 10.61 0.0 C. O 
Figure 28.1 SUMMARY OF RESULTS FOR PART 28 
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Figure 23.2-2 P IECEPART NO. 28 
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Figure 28.2-3 PIECEPART NO. 28 
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PART NO. 28 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 28 
Part-Overlay Assay Millipore-Negative Plate Assay 
Sample Control Sample Control 
Plates Plates Plates Plates 
(A) (B) (A) (B) 
Number of 3 3 5 5 3 3 Samples Tested 
Range of 67-82 71-78 74-88 60 - 80 65-85 65 - 81 
Bacterial Counts 
Median 72 73 83 65 81 72 
Mean 73 . 6 74 82.4 67.6 76.6 72.6 
Note: (l) Different spore dilution series were run for the three tests a b ove: 
piecepart - overlay, Millipore-negative plate (A) and Millipore-negative 
plate (B) 
(2) Assays A and B in the Millipore-negative plate test were done on 
separate days. Consequently, only A sample plates can be compar ed 
with A controls . 
(3) Bacillus subtilis var . niger spores were used in these assays. 
(4) Observations: Although the r e is no difference between the numbers of 
colonies on the test and control plates in the part-overlay assay, it was 
noted that the colonies plated directly over the part were smaller and 
less numerous than those colonies around the periphery of the Petri dish. 
If there is any inhibition b y the part, it seems to be very slight. No 
inhibition was apparent in the Millipore-negative plate assay. 
Figure 28.4 BACTERICIDAL AND BACTERIOSTATI C CHECK, PART NO. 28 
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Figure 30.2-1 P IECEPART NO. 30 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART NO. 30 
Part-Overlay Assay Millipore-Negative Plate Assay 
Sample Control Sample Control 
Plates Plates Plates Plates 




60-74 65-73 83-125 90-113 
Median 68 65 102 105 
Mean 67.3 67.6 101. 4 102.2 
Note: (1) Different spore dilution series were used for each of the two assays. 
(2) Bacillus subtilis v ar. niger spores were used in thes assays. 
(3) Observations: No inhibition apparent in either test. 






Su~MARY OF RESULTS FOR PART 31 
SOURCE AVtKAGE HIGH LOW RMS VARIATIONS 
EXPT. SAMPLES LOTS 
HROBIC 
gACT ER IA 9.88 108.33 0. 0 13.34 21.3L 0 . 0 
I BACTERIA ( SPORES) 1.21 8 .67 0.0 3.68 1.00 0 .0 N 
-J FUNG I 0.17 4.33 0 . 0 1.50 0 .0 0 . 0 U1 
I FUNGAL SPORE S 0.0 0.0 0. 0 0 . 0 0 . 0 0 . 0 
PIECE PART 0.08 1.00 0. 0 0 .0 ') .29 0 . 0 
TOTAL AEROBIC lC.14 109.33 o. ( 13.43 31.63 0 . 0 
ANAER 08I C 
BACT ER IA (.53 4.33 0.0 2.63 0 . 0 0 .0 
BACTERIA (SPO RE S) (.35 4.33 0.0 2.12 0 .0 0 .0 
FUNG I c. o 0.0 0 .0 0 .0 0 . 0 0 . 0 
FUNGAL SPOR ES c.o 0.0 0 . 0 0 . 0 0 . 0 0 . 0 
TOTAL ANA EROBIC 0.53 4·.33 0.0 2.63 1.33 0 .0 
TOTAL ORGANISMS IG.66 109.33 0 .0 13 .68 31 . 65 0 . 0 
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Figure 31. 2-3 PIECEPART NO. 31 
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BACTERICIDAL AND BACTERIOSTATIC CHECK 
PART 31 
Part -Overlay Assay Millipore-Negative Plate Assay 
Sample Control Sample Control 
Plates Plates Plates Plates 
Number of 
Samples Tested 3 3 10 5 
Range of 
92-103 99-124 II 68-96 75-92 




Median II N 94 99 82 75 00 
"'" Mean 107.6 96. 3 II 84.9 80.6 
Note: (1) Separate dilution series w ere used for each of the two as says. 
(2) Bacillus subtilis var. niger spores were used in these assays. 
(3) Observations : There is no apparent inhibition noted by Part 
Number 31 in these tests. 
Figure 31. 4 BACTER I C I DAL AND BACTER I OSTAT I C CHECK, PART NO. 31 
I 
( 
Appendix A II 
Description and Significance of the Distribution 
The cumulative distributions presented in Appendix A I can also be obtained 
from the frequency histograms presented in the same appendix. These histo-
grams are presented in constant steps of the burden, and it is noted that the 
distribution is markedly skewed; that a few samples are found with burdens much 
higher than most of the samples have. Consequently, these histograms do not 
give as much information as might be desired. They show that most of the 
samples had less than a certain burden, the upper bound of the first step, and 
that a few had much higher burdens. To present a more useful picture and to 
show some of the detail of the distribution that is all lumped together in the 
first block of the histogram it is necessary to compress the scale for high 
burdens, and stretch it out for low burdens. The logarithmic function has just 
this effect and was initially chosen for just this purpose. It is not possible to 
use the logarithm of the burden itself; many burdens are zero. Consequently, 
a constant was added to the burden before taking the logarithm. There i s nothing 
e ssential about the constant; 4.33 was initially chosen because it corresponds to 
the burden inferred if there is one organism on one aliquot of one sample. 
Hence adding this amount is equivalent to adding one organism. That is the 
reason for the initial choice; the number was retained because it worked well In 
gi ving a useful pictur e of the data. 
The probability graph paper on which these distributions are plotted is 
designed so that a normal (gaussian) cumulative distribution will be a straight 
line. As can be seen from the cumulative distr ibution of Appendix A 1, a straight 
line is a good fit to many of the sets of points; however, broken straight lines 
have been used for several sets. For example, the data for part No. 30 (fig. 
30.3) follows a straight line very well, whereas the data for lots 2, 4, and 5 of 
part No. 1 (fig. 1.3.,.2) definitely does not but does agree relatively well with 
the two broken lines indicating two separate distribution functions describe the 
data. 
For those cases in which the data agrees well with a straight line, it is 
known that the agreement cannot continue indefinitely to the left; the fit must 
be of the fo -rm shown in Figure All. 1. There cannot be any samples with less 
than zero organisms and the cumulative distribution must indicate this as shown. 
The straight line portion is conveniently represented by two parameters, /"< and 
- i. The x-axis value corres ponding to a y-axis value of 50 percent is~. The 
difference in x-axis values corresponding to the y-axis values of 50 percent and 
84. 1 percent is.r-. The parameter s would be the average and standard deviation, 
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normal, however, although part of the di stribution looks normal when plotted 
on a distorted (i. e., the logarithmic) scale. Consequently, fL ande7i do not 
correspond to the averages and RMS values given in the summary of results 
tables; they are just parameters which describe part of the distribution. Be-
cause the part of the distribution which they describe is the high-burden part, 
they are very useful parameters, however. 
Two distributions which both look like Figure All. 1 when plotted versus a 
logar.ithmic scale may look quite different when plotted on a linear scale. 
Figures All. 2 and All. 3 show two such distributions plotted in differential form 
on a linear scale. (A differential distribution is the derivative of the cumulative 
distribution, as its name implies. It gives the relative number of samples 
found in a small range of burdens as a function of the burden. The frequency 
histograms represent this type of distribution.) In Figure All. 3 f.L is small, 
consequently alar ge per centage of the samples- have zero or near zero burdens 
and the distribution is sharply peaked at zero. If the slope of the straight line 
in Figure All. 1 is large, Cli will be small and the tail of the distribution will drop 
sharply; if the slope is small, eli will be large and the tail will drop off more 
'1 
slowly. This distribution is typical of most of the data. In Figure AII.2; o-iis 
large; consequently the percentage of samples having zero burden is small and 
there is not peak at zero burden. For this distribution, <:ri is also large, and 
the distribution is quite spread out. However, because the frequency histograms 
are designed to cover the range of burdens observed, the burden steps will be 
large and the first step will include most of the samples. This type of distribution 
is evidenced in part No. 13 and was also seen in the data for some of the parts 
which were handled. Other parts (e. g. No.6) fall in between these extremes. 
Thes e curves are most useful in studying the occurence of samples with 
high burdens. In all cases -the straight line which was fit was extended to the 
99 percent mark. In most cas es, this is only a slight extrapolation. In a few 
cases, there are only a few points and the extrapolation has little meaning. How-
ever, this generally occurred because most of the samples had very low burdens. 
It is the parts with the highest burdens which are the most important; the fits for 
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Figure AI f. 2 TYPICAL DIFFERENTIAL DISTRIBUTIONS VERSUS A LINEAR SCALE FOR A 
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